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Page 17: Equation (47) should read
Z. - 3%13 0

Page 25, line 15: Tmmediately following the sentence ending with the word
"constant" insert the following sentences:

It should be noted that the four functions described above do not destroy the
contents of the multiplier-quotient register, C(MQ), although C(MQ) may be
altered as a result of the shifting. This fact is used in some portions of the
program to avoid storing C(MQ). Therefore any routines written to replace the
functions discussed here must not destroy C(MQ).

Page 25, line 23: Immediately preceding the last paragraph insert the fol-
lowing paragraphs:

In addition to the program input to be discussed in the section PROGRAM
INPUT DATA, thermodynamic data must be supplied to the program. These data are
assumed to be available as a master data tape, which must be loaded onto tape
handler number four at the start of computation and unloaded when the computa-
tions have been completed. Since this master data tape is used for both reading
and writing it cannot be file protected. Loading and unloading the data tape is
time consuming and costly. It has been found to be economical to make the data
tape from binary cards rather than to stop the computer for loading and unload-
ing the data tape. The following changes will permit operation in this fashion.
For the IBM 7090 program, replace card number 123, page 87 (PAUSE 11111) with

5000  REWIND 4
CALL BCREAD (DATA(44), DATA(1))
DATA(23)=DATA(26)
WRITE TAPE 4, (DATA(I), I=1, 23)
TF (MDATA(1)-MEND) 5000, 429, 5000

Also remove card number 332, page 88 (PAUSE 77777). The corresponding change
for the IBM 704 program involves replacing card number 106, page 50,
(PAUSE 11111) with
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5000 REWIND 4
CALL BCREAD (DATA(44), DATA(1))
DATA(23)=DATA(28)
WRITE TAPE 4, (DATA(I), I=1, 23)

S CLA DATA(1)
S SUB END
S TNZ*5000

and removing card number 432, page 53 (PAUSE 77777). If these changes are made,
then the master data tape is no longer needed but the eguivalent binary cards
must be available. These can be made from the master data tape.

Taese changes use the Subroutine BCREAD (A,B). This subroutine is part of
a computer system at the Lewis Research Center and is not given in this report;
however, its only function is to read binary cards punched by a companion Sub-
routine BCDUMP (A,B). In both cases the argumsnts A and B are, respectively,
the Tirst and last words to be read or punched. Bach binary card contalns
22 words of information and thus, since the data for each species requires
23 words (see fig. 6), two cards are required for each species. The first of
each pair of cards contains the first 22 words while the second card of each
pair contains the 23rd word plus the first 3 words of the record for identifica-
tion purposes. These tWo subroutines are not essential and can be replaced by
any equivalent subroutines or sequence of instructions.

Page 62: Replace card number 1418, statement number 1126, with
IF (EN IN(J)) 2125, 1126, 2125

2125  P=P+EXPF(EN LN(J))

1126  CONTINUE

Page 64: Replace card number 1709, statement number 309, with

309 PCP(25)=PCP(IADD)
TADD=25

Page 96: Replace card number 1033, statement number 1031, with
1031 IF (WF) 1050, 1050, 1040
Page 96: Replace card number 1039 with
1050 DO 2000 I=1,15
Page 99: Replace card number 1333 with
TF (ABSF(D IN T)-ABSF(X(IQ1))) 501, 913, 913
Page 99: Replace card number 1341 with

IF (DEL N(J)) 917, 917, 1917
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Page 99: Replace card number 1571#, statement number 1126, with

IF (EN LN(J)) 2125, 1126, 2125
2125  P=P+EXPF(EN LN(J))
1126  CONTINUE

Page 102: Replace card number 1656, statement number 309, with

309 PCcP(25)=PCP(IADD)
IADD=25
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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION '

TECHNICAL NOTE D-1454

A GENERAL IBM 704 OR 7090 COMPUTER PROGRAM FOR COMPUTATION
OF CHEMICAL EQUILIBRIUM COMPOSITIONS, ROCKET
PERFORMANCE, AND CHAPMAN-JOUGUET
DETONATIONS

By Frank J. Zeleznik and Sanford Gordon

SUMMARY

A detailed description of a computer program for computations in-
volving chemical equilibrium in complex systems is given. It is based
on iteration equations for chemical equilibrium computations that are
independent of choice of components. The program permits calculations
such as: (l) chemical equilibrium for assigned temperatures and pres-
sures, (2) theoretical rocket performance for both frozen and equilib-
rium compositions during expansion, and (3) Chapman-Jouguet detonation

properties.

A discussion of some of the problems attendant with the presence
of condensed species as reaction products is also given.

INTRODUCTION

The problem of the numerical solution of the nonlinear algebraic
equations describing chemical equilibrium has been the subject of nu-
merous papers. Reference 1 contains an extensive bibliography on the
subject prior to 1959. Since the publication of reference 1, many addi-
tional papers have been written dealing with the computation of chemical
equilibrium properties (refs. 2 to 16). Some of the references describe
programs for digital computers. Reference 1, for example, contains a
detailed description of a program written at the Lewis Research Center
for the IBM 650 to calculate equilibrium compositions and rocket per-
formance.

The purpose of this report is to describe in detail a computer pro-
gram written at the Lewis Research Center for the IBM 704 and 7080 for
the computation of chemlcal equilibrium in complex systems with several



applications. Use has been made of the modified Huff method described
in reference 15, which permits iteration equations to be written in a
form independent of the choice of components. The progrem can perform
the following calculations: (1) chemical equilibrium for assigned tem-
Peratures and pressures, (2) theoretical rocket performance for both
frozen and equilibrium composition during expansion, and (3) Chapman-
Jouguet detonation properties.

The objective has been to develop a program that can compute equi-
librium compositions for any chemical system for which thermodynamic
data exist. To accomplish this objective, several special techniques
were incorporated to handle problems that would otherwise not converge.
These techniques, which have broven successful in the many problems at-
tempted, include a flexible convergence control parameter, automatic
inclusion of condensed species with the Possibility of triple points,
and a pivoting procedure during solution of the iteration equations.

The computer program will be described in the following sections
of the report with sufficient detail to permit its use. The following
are some of its general features:

(1) It requires only simple input.
(2) It requires no initial estimates.

(3) It handles up to 15 chemical elements and & total of 90 reac-
ticon products including condensed species.

SUMMARY OF EQUATIONS USED IN THE PROGRAM

The derivations of equations used in the Program and a discussion
of the assumptions involved have been Previously published (refs. 1, 15,
17, 18, and 19). However, for convenience in describing the computer
program, the pertinent equations from these references will be summa-—
rized in this report.

The notation of these references was used when possible. However,
since the notation in all these references is not exactly the same, com-
plete consistency was not possible, in particular for thermodynamic func-
tions. In this report, for heat capacity, enthalpy, entropy, and free
energy, a capital Roman letter refers to the quantity per mole, while
a capital script letter is the dimensionless form (which, in the case
of entropy and free energy, may include additional dimensionless terms).
A lower-case Roman letter is the quantity per unit mass, while a lower-
case script letter has the units of moles per unit mass of reactant.
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Equilibrium Compositions and Properties of
Complex Mixtures

The equilibrium compositions are obtained by a Newton-Raphson iter-
ation. The iteration equations are those of the modified Huff method,
which were derived in reference 1% and are presented in figure 2 of that
report. These equations are presented herein as table I with symbols
altered to correspond to those used in this report. The corrections to
the estimates that are obtained from this set of iteration equations
are unaffected by the cholce of components and are only affected by the
current estimates. These equations make no distinction between compo-
nents and constituents, and thus any species can be dropped from the
calculation. The iteration equations give corrections to the meles of
each condensed species and the variables A and T directly. (Symbols
are defined in appendix A.) The corrections to the moles of gaseocus
species are obtained from the following equation (see eq. (88), ref. 15):

|
Alnnlz-z_*-zaklAlnuKJ:':HlAlnT (i=l,2,...,m)
k=1

It is sometimes disadvantageous to apply the entire correction
called for by the iteration equations. Consequently an empirical con-
vergence parameter A(O < A < 1) is used to control tre size of the
corrections. A numerical value for A 1is determined at each iteration.
Methods for evaluating A are discussed in the section Evaluation of
Convergence Parameter A. New estimates are obtained from the following
equations:

1 .
1nn§J )=1nn§‘])+xzslnni (i:l,Z,...,m)w

n§j+l) = nij) + N Ang (i =m+1,m+2, . ..,n) L
(1v)

1 a0 a0 i Aana

a3 () s AT

-~

The indices Jj and J+1 signify the estimates for the jth and
(j+l)st iterations. When the iteration has converged, the moles of

gaseous specles Iy will be numerically equal to the partial pressures

pi(i =1, 2, « « ., m).



After the equilibrium compositions have been determined, the three
independent first derivatives Cps (6 1n M/S 1n T)p, and (& 1n M/S 1n P)p

can be evaluated by a procedure analogous to that described in refer-
ence 1. The calculation of cp and (¢ 1In M/3 1n T)p reguires the de-

rivatives (3 1n n; /3 In T)p (1 =1, 2, . . ., m), (& n; /o 1n T)p
(i=m+1,m+2,...,n), and (3 1n A/d 1n T)p- Following the pro-
cedure of reference 15 for the elimination of linear combination terms,

the set of equations in table II is obtained for the derivatives
(OInu/olnTp (i =1,2,...,1), (¢ n; /3 1n T)p

(i=m+1,m+2,...,n), and (6 1n A/ 1n T)p. The
(¢ 1n ny/5 1n T)p are related to these by

L
¢ 1n ng Z : d 1n u
i k .
m)P— akimP_*_Mi (1—1, 2, + . .,m) (2&)
k=1
Writing the equation for evaluating the specific heat (eq. (42), ref. 1)
in the notation of this report and substituting equation (2a) in it
give
l m N n m
In u On >
R k . 1 ~ -3 1n A
‘TR E E axthing 57 - E Bl P+§ ‘Hi“i<o Tn T )P
k=1 i=1 i=m+1 i=]

m m
i=1 i=1

The solution of the equations in table II also gives one of the molec-
ular weight derivatives by means of the relation

3 In M\ (o ln A (32)




The derivative (3 1n M/w in P)T can be calculated from

o ln M P -
<3 in P)T Tl .m -t (<0

J 1n Uy
il T in A T

k=1 i=1

where the required partial derivatives in (3b) are obtained by a solu-
tion of the equations of table III of this report. The equaticns (3a)
and (3b) and the equations of table III are identical, respectively, to
equations (48) and (51) and figure 4 of reference 1 except for nota-
tion. It should be noted that the matrix elements of tables II and III
are ldentical with the corresponding elements of table I except for the
sign of the last column in table II. The isentropic exponent 7y used
in the calculations of the velocity of sound is

_ ({3 1n P 1
r= <d 1n Q) - N ., z (4)
S 1+ (u 1n M) R 1 (; 1n M)
T P

O 1ln P - cpM g In T

Frozen Composition and Properties of Complex Mixtures

In addition to the properties of a complex mixture under conditicns
of chemical equilibrium, it is scmetimes desirable to obtain properties
of the mixture for a fixed composition. The technique for doing this
has been discussed in reference 1. The procedure employed here is iden-
tical except it has been found convenient to use the composition in
terms of mole fractions. For a mixture of fixed composition, entropy,
and pressure, the temperature is calculated by a Newton-Raphson itera-
tion. The correction to the current estimate for temperature is ob-
tained from

> O
£~y
Aln T = (5a)
n
E €. x
1 1
iz

The improved estimate for temperature is then obtained by means of

1n pl) 2 p 2(3) LA 1n T (Sb)

For frozen composition, the three independent first partial deriva-
tives are:
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The isentropic expcnent y 1is

T = Eé;fo R <9)

Rocket Performance Parameters

The evaluation of rocket performance parameters for a propellant is
simple once the temperature and composition are known at combustion and
exit points of a nozzle. The temperature and composition in the combus-
tion chamber and at all exit points, with the exception of the throat,
can be determined by the previous iteration equations. The throat con-
ditions are evaluated with the aid of a secondary Newton-Raphson itera-
tion using the equation

; +
&4
- = - (10)
k+1 M(n, - b3

L+ =R

where (PC/P)k is the k' estimate for pressure ratioc at the throat and
* for the pressure corresponding to this pressure

hﬁ is the value of h
ratio and an entropy equal to the combustion entropy. This procedure is
identical to the one described in reference 1. The method used to ob-
tain the initial estimate for PC/P and T at the throat is described
in a later section.



The following formulas used in computing the various performance
parameters were derived from the one-dimensional forms of continulty,
energy, and momentum equations and the following assumptions: zero ve-
locity in the combustion chamber, perfect gas law, complete combustion,
homogeneous mixing, adiabatic combustion, and isentropic expansion.
(The units used were h = cal/g, T =9, P=1b force/sq in., A = sq In.,
w = 1b mass/sec, and g. = 32.174 (1b mass/lb force)(ft/sec®).)

Specific impulse with ambient and exit pressures equal,

(1b force)(sec)/1b mass:
he - h
I =294.9 Y550 (11)

Specific impulse in vacuum (ambient pressure zero),
(1v force)(sec)/1b mass:

A
Lyae = I+7 b (12)

Nozzle area per unit mass-flow rate, (sq in.)(sec)/lb:

A 86.4579 T -
v onE (1)
Characteristic velocity, ft/sec:
c* = g.P (§> = 32.174 Pc(é) (14)
W W
t t
Coefficient of thrust:
.l T
Cp = = = 32.174 = (15)
Mach number:
U I -
M= = (15)

/B6.4579 {T
M

The derivatives of these performance parameters and their use for
extrapolation and interpolation of rocket performance calculation are
discussed in reference 17. The formulas for calculating these deriva-
tives are given in table IV. The program calculates the derivatives of



T, I, ¢, and c* only. The remaining derivatives can be calculated
irom these and other equilibrium properties using the equations in
table IV.

Chapman-Jouguet Detonations

The thermodynamic calculation of the properties of a Chapman-
Jouguet detonation are discussed in reference 18. The calculation in-
volves a Newton-Raphson iteration to determine detonation conditions in
addition to the previously described iteration for determining equilib-
rium compositicns. The detonation iteration equations are presented
here as table V. Reference 18 also presents a method for evaluating the
partial derivatives of the detonation velocity, pressure ratio, and tem-
perature ratio and discusses their use in extrapolating detonation data.
The equations for evaluating the required partial derivatives are pre-
sented here as table VI. When detonation conditions have been deter-
mined, the detonation velocity in meters per second can be calculated as

Up = 91.1845 £ T (17)
ey M

where T is in °K.

Thermodynamic Data

The thermodynamic data used by the program must be in the form of
empirical equations; thus

O
—RE = al + aZT + a3T2 + a4T5 + aST‘* <18)
and
HO a a a a 8,
T . 2 Sop2 oy A3 2 s, 8
To=ay t T+ = T T T (19)
and
o
S a a ar
T _ Sg2 y A3 L I8 gt
g ey nT +al + =00+ =T"+=10%+ a, (20)
The constants a;(i =1, 2, . . ., 7) can be evaluated by the least-

squares method of reference 1Y for one or more temperature intervals.



Continuity of the three functions across intervals 1s assured by the
aforementioned method since it requires that the residuals vanish at the
first point of each interval. The equations for determining the con-
stants are given in table VII. Appendix B lists ccefficients for 224
substances obtained by means of the equations in table VIIL. The coeffi-
cients for most substances cover the range from 300° to 5000° K in the
two intervals 300° to 1000° K and 1000° to 5000° K.

The enthalpy base selected was an assigned value of zero at
298.15° K for the reference substances: Al(s), Be(s), C(grapnite),
012(3)) Fz(g); Hz(g)) Li(S), Mg(s), Nz(g), Na(s>} O‘Z(Q); P(White);
S(rhombic), and Si(c), and zero at 0° K for Ar(g), He(g), and Ne(g).

The value H%98.15 for a substance formed from any of these refer-

ence substances except the inert gases 1s its heat of formation relative
to these substances at 298.15° K. TFor example, for COg,
Hogg.15 = &ogg, 15 = -94,051.8 cal/mole, which can be obtained from the

coefficients in the 300° to 1000° K interval with T = 298.15° K.

Input Calculations

The input calculations are identical to those described in refer-
ence 1. TFor convenience they will be described in this report. The
reactants are divided into two groups, fuels and oxidants. The fuels
are those reactants which will be primarily oxidized, while oxidants
are those reactants which will be primarily reduced. The fuels can be
combined into an effective fuel by specifying the relative proportions
of each fuel. Similarly, the oxidants can be combined into an effective
oxidant by specifying the relative proportions of the oxidants. The
overall composition (i.e., the bg's) can be calculated by specifying
the relative amounts of the effective oxidant and effective fuel. This
method of assigning the overall composition is particularly convenient
if calculations are to be performed for various relative emounts of ef-
fective oxidant and effective fuel. The gram-atoms of the 1tH element
per gram of effective oxidant or of effective fuel are, respectively,

Wk

o 1 x _J
(b ) = —— a. . (21a)

£74 x o
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or
£
we
oy _ _1 i
(bf)i = " aj s (21b)
k J
k J

In terms of these equations, the gram-atoms per gram of reactant bg
can be calculated as

(2), + o/m(s2),

;= 1+ (0/F) (22)

Formulas analcgous to formulas (21) and (22) are used to calculate
the following enthalpies:

Enthalpy per gram of effective oxidant:

x WX
hy = L (HO) —~ (23a)
w_x TJ'MX
k J

k J

Enthalpy per gram of effective fuel:

W
ne = = (k) . (25v)
J

i 2.
k J

Enthalpy per gram of reactant:

hp + (o/F)hX

o = T (o/F)

(24)

The relative amounts of effective oxidant and fuel are sometimes given
as the weight percent of fuel @%F, which is related to the oxidant-to-
fuel weight ratio O/F by

o = 1 +l?87Fi (25)
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A third way of specifying the relative amounts of oxidant and fuel is
by means of an equivalence ratio, which can be related to O/F. Let

V{ and Vi De the positive and negative oxidation states of an element

in its commonly occurring compounds. At least one of these will be
zero. Thus, for example, the negative oxidation state for chlorine is
-1 and its positive oxidation state is zero. In terms of the common
oxidation states for the elements, oxidation states per gram of effec-
tive oxidant and fuel are

)
vE - :E: V;(bi). (26)

Vo = Vg(bo) (27)

2
V; - :E: vf(bg), (28)

J
J=1 ’
.
- -({,0
v, = :E: V'J.(bf)j (29)
J=1

where the sum is over the various elements. In terms of these four
guantities, the positive and negative oxidation states of the propellant
are

v+ (O/F)V;

+ r
KA (672 (30)
- Ve + (O/F)VZ (51)
-1+ (o/F)
The equivalence ratio is now defined as
gt +
.- v Vi (o/F)VX (o)
’ v- vz o+ (0/F)Vy



.<
<y
=
ot
s
ot
o

this detinition, = 1, £ <1, and R > 1 correspond to the stoi-
chiometric, the oxidant-rich, and the fucl-rich conditions, respectively.
The equivalence ratic used in this report 1s the reciprocal of the one
used in refercnce 1.

INTTTAL ESTIMATES

All of the iteration equations listed in the previous gsectlon
quire an initial set of cstimstes. The methods for oblalniog
for each of the iteraticns will be described below.

Equilibrium Compositions

Experience nas shown that for the determination of equilibrium com-
prositions it is unnecessary to begln the lteration with a good set of
lmates, although a good set of estimates will reduce the number of
required to converge to a solution. However, in the case of
complex systems, it 1s often extremely difficult and time consuming to
cbtain a good set of composition estimates manually. The cost of a few
extra iterations on the computer will e small relative te the cost of
obtaining estimates manually and inscriing them as part of the input Lli-
formation. Furthermore, in the case of rocket performance calculations,
estimates are potentially useful only for combustion conditions. The
results of combustion conditions serve as estimates for exit conditions.
Therefore, the importance of initial estimates decreases as the number
of exit points increases. Because of these considerations, the computer
rrogram to be described in later portions of this report will not accept
i teg for any variable other than combustion temperature.

cats

For the first point, the computer program uscs 4 partial pressure
of 1 atmosphere for all gaseous species and zero moles Tor all condensed
species as initial composition estimates. If the calculation is for an
assigned enthalpy and no combustion temperature estimate is given, then
an egtimate tor temperature of about 3300° K is used. For iine mass
variable A, an estimate of approximately 150 grams 1s used. For suc-
ceeding peints, the results of the preceding polint are used as estil-
mates.

Rocket Nozzle Throat
Good estimates, primarily, for throat pressure and, secondarily,

for throat temperature, can result in an appreciable decrease in ihe
number off 1terations bhecanse of the presence of a secondary lteration
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in the calculation of throat conditions in a rocket nozzle. An excel-
lent estimate of the throat pressure ratio for both equilibrium and
frozen compositions is

P,/P = | —— (33)

This relation usually gives a throat pressure ratio, which is correct
to three places. The throat temperature 1s estimated from the eguation
2
T = n

T T. (34)

Te

Chapman-Jouguet Detonations

Because the Chapman-Jouguet calculation is a Newton-Raphson itera-
tion within the Newton-Raphson iterations to determine equilibrium gas
properties, it 1s very desirable to have good estimates for the pressure
ratio and the temperature ratio across the detonation wave. A method
(ref. 18) for obtaining excellent estimates of the temperature and pres-
sure ratic will be described here briefly. Let the initial estimate for
pressure ratic be (P/Pl) and the initlal estimate for temperature
ratio be (T/Tl)o where T in this initial estimate is the flame tem-
perature corresponding to an enthalpy

RT
301 (p
h = hl + Z M——(?——> (5‘))

The initial estimates (P/Pl)o and (T/Tl)o can be further improved by

successive use of the following equations (ref. 18):

4y
P 1ty T i
(PJ> "Iy | +‘/l S (1 +y)E )

k+1

R Tkl - L (P
Mlcp I'k_l_l

/‘\
leE
_‘\/
=
+
}_J
il
/_\
=]
FJlﬂ
N’
e
1
]
=
F
ko]
/"‘\
;FIT
SNa——
O
+
Do =<



where

T
SR = D—“f— (332)
: Yk M
and
P .
r};_{_l = ‘.Lk -P_; (:)OO)

e+l

The quantities M, v, and ¢, in equations (26) to (50) are the equilib-
rium properties for the conditions (P/Pl)o and (T/Tl)o' The technique
ol obtalning good estimates for the iteration equations of table V by
means of equations (3¢) and (37) is so successful that it has been found
possible Lo arvlitrarily set (P/Pl)o 16 for all chemical systems.

I desired, it is alsc possible to calculate the detonation proper-
Lice by using the equilibrium specific heat ratic « 1n place of 7.

Tro speelific heat ratic and the isentropic exponent are related by the

expression
4 In M o
= vll + (——‘ 1. T (*«‘9)
o T

CONVERGENCE

wence in an iterative calculation involves two numerical
problems: (1) how to assure numerical convergence, und {2) to determine
at what stage the iteration should be terminated. Bolh ol these are
discussed in the followling sections

Evaluation of Convergence Parameter A

When poor estimates are used in a Newton-Raphson iteration, the
iteration equations will invariably give correcticns that are too large
(ref. 1). If thesge corrections were (Lo be used directly, they could
produce a noncouvergent iteration. This type of situation normally cc-
curs in the early stages of a calculab1on. At later stages of the iter-
ation when the problem seems to be converging satisfactorily, the itera-
tion sometimes attempls to make large lncreases in the partial pressures
of specles that are present in trace amounts. In both of these cases
it is essential to place some restriction on the size of the correction.
Thnis is accomplished by introducing a convergence parameter AN into
equaticn (1bv).




The rnumerical value of the convergence parameter A 1s determined
on the bagis of two empirical rules, which experience has shown to be
satisfactory. For the varisbles T, A, and n. for those gaseous spe-

cies for which ln(nj/Po) > =18.5 and for which A 1n n. > 0, a number
A is defined as °

_ z . - .
Kl_maX(IAlnT’,’AlnA,Alnnj) (G=1 % ..., m (40
This limits the change in T and A and the increase in 0, for those

gaseous specles whose gas phase mole fraction exceeds 10'8, to a factor

e = 7.3891. TFor those gaseous species for which ln(nj/PO) < -18.0
and A 1ln nj > 0, a number Ao 1s defined as
In Py - 8.212 - 1n oy
As = min A T (3 =1,2, . . .,m) (41)

Thig prevents a gasecus species with a mole fraction less than 10'8

from increasing its partial pressure so that its gas phase mole fraction
would exceed 107%. The parameter A +0 be used in egquation (1lb) is de-
fined in terms of Ay and Ay as

A =min(l, Ay, As) (42)

[

Criteria for Convergence

The criteria for convergence, which are used in the various itera-
tive schemes in the program, will be briefly described. If, for some
applications, the criteria seem too stringent, they can readily be re-
laxed by making the appropriate changes 1n the program.

Equilibrium compositions. - It is assumed that the iteration has
converged to the correct composition when

- M
—  |A1n ng| < 0.5x107° (5 =1, 2, « . ., m)

3

P

: |
—J_ < o.5x10°° (ij=m+1,m+2,...,n)




This has the effect of insuring accuracy Lo five places in compositicn
whcen 1t 1s expressed as mole fractions.

Threoat conditions. - The throat conditions in a rocket nozzle are
assumed to be satisfied 1T

h, - h* .
| < 0.4x107¢ (44)

a.
hc - h

This conditlion in effect makes certain that the Mach number will satisfy
the condition that

M= 1 10.2x2007% (45)

Cl:apman-Jouguet detonations. - The Chapman-Jouguel conditions are
considered satisfiled when

|& 1n P/Py| < 0.5x1077 )

A ln T/Tq] < 0.0x107°
J

CONDENSED PHASES

Apart fram some cenlrol on correction size there are essentially
no numerical difficulties in determining equilibprium compositions in a
gaseous system. A straightforward application of the iteration equaticns
of table I produces rapid convergence to the correct answers. In prin-
ciple there should similarly be no difficulty iz applying these iteration
equations to systems containing pure, inscluble condensed phases. Un-
fortunately, a consideration of pure condensed phases does in actuality
produce some difficulties. The following sections discuss some of the
problems that are encountered and present, when possible, methods for
trhelir solution. Scme cf these methods have been incorporated inte the
computer program.

Condensation

The condition for inclusion of the condensed species in the calcu-
lation can be easily derived if it is assumed that the equilibrium com-
position of the system without the condensed species 1s known at the
assigned conditions and that the condensed speciles under consideration
has a vapor form. This has been done in reference 1, and the condition
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is basged on the fact that the condensation will occur when the partial
pressure of a speciles ig greater than or equal to the wvapor pressure.
From reference 1, the condition for inclusion of & condensed species 1n
the calculation is

7 - 32 - 1np <0 (47)

where the subscripts ¢ and g 1indlecate condensed and gascous phases,
respectively.

Wnen the condensed species does not have a corresponding vapor form,
the inequality (eq. (47)) is no longer applicable. The only recourse 1s
to include the condensed species in the iteration. If its converged
value is negative, then it must be removed from the calculation and the
composition redetermined. The only species of this type in appendix B
is aluminum oxide (AlZOB). One of its condensed phases will almost cer-
tainly be present in any system containing aluminum and oxygen and,
therefore, should be assumed present at the stert of the iteration.

Phase Transitions and Triple Points

The calculation method is based on the assumption that condensed
phases are pure. Therefore, the possibllity exists of encountering
phase transition between solid and liquid (melting points) or between
two stable solid phases. Such transiticns constitute triple points since
thiree phases of the same species coexist, one gaseous and two condensed.
Such triple points are characterized by a deflnite vapor pressure and
temperature, independent of the relative proportions of each phase. This
is shown by the fact that the iteration equations of table I become sin-
gular for an assigned temperature and pressure and the inclusion of two
condensed phases of the same species. At a triple point, for a specil-
fied system pressure, the relative amounts of the phases can he deter-
mined only if eilther the enthalpy or the entropy is assigned.

The problem of determining equilibrium conditions in the vicinity
of a phase transition can be pest discussed by consideration of an ex-
ample. Assume that the state is specified by an assigned pressure and
an assigned entropy per unit mass, and let the phase transition be the
solid-liquid transition with the transition temperature T (i.e., the
melting temperature). An analysis for assigned enthalpy, similar to that
to be given for assigned entropy, could alsc be made. However, in rocket
performance calculations triple points occur most often at the exit
points of a nozzle, and, therefore, only the assigned entropy problem
will be treated in detall. Figure 1 sketches the typical dependence of
system entropy upon temperature for_a constant pressure. The dashed ex-
tension of the liquid-vapor curve PZPS would be the system entropy 1if



liguid were stable below the melting point. A similar statement

s Tor the extension of the sclid-vapor curve PSPU' At Po all of

the condensed phase is liquid, while at P: all of the condensed phase

Intermediate points correspond to various relstive amounts of
solld phases. Along the extension PWPZ the golid phose ig

negative anounts, while along PgPA the amount of liquid is

Two situations will be considered. TFirst let tho assigned entropy
heve the value sy. IF only the data for the liguid phase arc used, the
iteraticn will converge to the temperature T{. Since this temperature
Ls below the melting point, the liquid phase cannot exisv; therefore,
thie data for the liguid phase must be replaced with data for the solid
bhase.  This time the iteration will converge to the correct toempera-
tire T.. Consider next the zituation where the assigned entropy has
the value sy, where Sg < S < 53. With only the liquid phase present,
the converged temperature is T7. Since this temperature is lower than
the melting point, this cannot be the correct answer. If the calculation
Iv repeated, this time using the data for the solid phase, the calcula-~
Lo will converge to a temperature T This again is not the correct

i
answer since Tg 1s greater than the melting point. Returning to the
Ligquld phase agaln produces convergence to TZ’ and the calculation, if
allewed to continue in this manner, would oscillate between T; and

T.. It is apparent (fig. 1) that the correct temperature Ty

be obtalned by a simultancous consideration of both solid and liguid
hases 1n the iteration.

can only

The problem of oscillatory behavior can be eliminated by specifying

that In going from a consideration of liguid phase to consideration of a

solid phase the intermediate situation of coexistence of solid and liquid

st always be considered. This techinique will always work. Take again
wge where the assigned entropy is s1. After the temperature Ti

Il

wis o converged to, the solid and liquid phases would be considered simul-
tan=ously. This time thne converged temperature would be Ty, but the
amount ol liquid would be negative. Removing the liquid phase would then
permit convergence to the correct temperature Té. For this type of =
sltuaticon, such a "modus operandi’ is uneconomical since it unnecessarily
roquires one extra solution of the equilibrium cquations. A more eco-
nomic:l procedure woeuld be to reguire simultanecus consideraticon of solid
cnd liquid only in the regicn of oscillatory behavior indicated by the
cross hatehing (fig., 1). It can Le seen from figure 1 that oscillatory
behavior will occur for a given entropy if either of these conditions is
atislled

T, -0, T, -1 (42a)
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or

T, - T, =~ Ty - Ty (48Db)

When the iteration converges to Tj, ilnequality (48a) is used to estimate

whether Ts will be greater than T,. When the iteration converges to
Te» inequality (48b) is used to estimate whether T, will be less than
Ty An spproximate relation between Tg and T; can be obtained by

using the fact that the entropy difference between the temperature Ty
on the PoPs curve and the temperature T, on the P curve 1is zero.

=P
The specific heats of the two eguilibrium mixtures are (CP)Z at Ty

and (cp) at Ty, respectively, while the eutroples at the points Po
s

and Pz are s; and sg, respectively. Therefore, approximately

s(Tg) = slTy cp , n T, 1 S¢ o), T 19g,
and, as a result,
Tm Tm
- = ) NS} - 1 — - S i ] —— C
S(TZ) S(TS) G 2 ((“p)z 1r TZ s + (gp)s In TS (43b)

The points Pp and Pz differ only in the fact that at P, all of the
condensed phase is liquid, while at Pz all of the condensed phase is
solid. Let the molecular weight of the equilibrium mixture at T, be

M, and the combined mole fraction of solid and liquid in the equilib-
rium mixture be x,. I the heat of fTusion per mole of condensed spe-

cies 1s AH

ns then s; and s

¢ @are related by the expression

JANS
+mem

S, = 8 (50)
1 s M T,
Substituting this expression into equation (49b) gives
Xy Ay T T -
W— - (Lp)z 1n F—D—Z + (Cp)s 1n T—s‘ =0 (Ol)

m

At the temperature Tj, the gquantities (cp)s, M,, and X would be un-

known. If, however, the difference between T, and T; 1s nct too

large, then (cp)s, M,, and x, can pe approximated by thelr values at



Ty. Under these conditions, cquation (51) can be solved to give

. AT
T. = Ty exp —-%——T——— (52)
° L MZ C'p Zﬁn

where the subscript 1 indicates the quantities are to be evaluated at
T,. Substitution in egquation (48&) gives as the condition of no oscil-
lation

T

o oexp *1 S (53)
T S (e, T, )

At a temperature Tg, a similar treatment gives the condition for no
cgeillation as:
T Xg M

m
— > eXp|- (
T, Mglep) Ty

o3
R
N

where ihe subscript s indicates quantities are evaluated at Tg.

There 1s one disadvantage connected with the use of eitlther inequal-
ity (53) or (54) in a computer program; that is, it requires the com-
putation of AH, M, Cp» and the mole fraction of the condensed species.
However, it is possible to use inequalities (53) and (54) to estimate
the width of the oscillatory region about T, by using data in the vi-
cinity of Tp. Thus, for example, applying inequality (53) to data cor-
responding to PC/P = 2.5 and inequality (54) to data corresponding to
PC/P = 2.5 of table X and using 2 kilocalories as the heat of fusion
for Al.Oz give Tm/TZ < 1.0363% and Tm/TS > 0.964, These data imply
that oscillation will not occur if T, - T; > 81° K and Tg = Ty > 87% K.
Using data for a few other typical systems indicated that a satisfactory
region would be 100° K on each side of T,, and,therefore, this value was
ircorporated into the program. However, 1t is possible that a system
could be encountered where this interval is insufficient to prevent os-
¢!llation. TFor such a system the interval would have to be widened.

Jith the technique Jjust described, if a liquid phase is being con-
gidered and the resulting temperature 1s below the melting point, two
possibilities exist. If the temperature 1s more than 100° K below the
melting point, the solid phase will replace the liquid phase and the
iteration will be restarted. If the resulting temperature is less than
100° K below the melting point, the solid will be included, the liquid
priase reotained, and the iteration restarted. After convergence with



both phases considered, the resulting temperature will be the melting
point. The iteration is finished if the amounts of both phases are
positive. If, however, the liquid phase 1s negative, it is removed and
the iteration is restarted. An analogous procedure is followed if the
solid phase only 1s being considered and if the temperature is above the
melting point.

Accidental Singularities

A peculiar type of singularity can occur in the equations for de-
termining the equilibrium conditions in a system with condensed products.
The conditions for its occurrence are so restrictive that it may be
termed an accidental singularity. These conditions are:

(1) The state of the system must be specified by an assigned tem-
perature and pressure.

(2) For an l-element system (I > 1) there must be 1 - 1 condensed
speciles.

(3) For 1 > 2, at least 1 - 1 of the elements must appear in the
condensed speciles.

(4) For 1 = 2, both elements must appear in the one condensed spe-
cies.

These conditions are sufficlent, but not necessary, to have the gaseous
composition completely determined by the equilibrium equations for the
condensed species and the pressure equation without recourse to the mass-
balance relations. This can most readlly be seen by examining the itera-
tion equations (fig. 1) for the two-element case. When the aforemern-
tioned corditions are satisfled, the 1 mass-balance equations serve
only to determine the mass variable A and the moles of the 1 - 1 con-
densed speciecs. If the gas compositions nj(j =1,2, .. .,m) are
known, the mass-balance equations

m+i-1

m
Z ajyny - bIA = - E &13%3 (1=1,2,...,1) (55)
J=m+l j=1

are a set of linear equations for the 1 wvariables: A and

nj(j =m+1,m+ 2, .. .,m+ L - 1), The equations do not possess
a nontrivial solution if the determinant of the ccefficient matrix
vanisnes; that is, 1if



, 1.0

41 m+l A1 m+e o 81 m+1-1 Y1

N Q

8y il Bz,miz - ¢ Bgmel-l P2
... =0 (56)

a a : a v

1,m+1 l,m+2 1,m+l-1 Y1

The determinaut (eg. (58)) could vanish if the [l x (1 - 1)] matrix of
aij’s iz of rank less than 1 - 1. This case 1s excluded from consid-

eraticn. TFor the simple casc 1 = 2, equation (5¢) reduces to

a Y
Clmtl 1 (57)

Sz2,mtl DY

The significance of the criterion (eq. (56)) for the existence of a
singularity can be seen immediately 1f it is realized that the determi-~
nant will vanish when it is possible to find a linear combination of

the first 1 - 1 columns, which will equal the last column (in cther
words when the overall composition can be expressed in terms of the con-
densed products alone).

It rust be emphasized that this type of prcblem is singular only
11" She thermodynamic state is specified by an assigned temperature and
pressure. Lf the state is specifiled by an assigned pressure and either
an enthalpy or entropy, then a sclution can be obtained because the gas
phase composition 1s no longer determined exclusively by the equilibrium
constants for the condensed phase and the pressure equation. While the
cecurrence of such singularities is rare, they have been encountered.
One such case is the stoichiometric lithium-oxygen system. An important
product in this system is the stolchiometric liquid Li;0(1). This satis-
fies (c¢q. (57)) and hence corresponds to a singularity. Many other exam-
ples could be given, but this one example sufficiently illustrates the
point. DBecause these singularities are so rare, a routine for recogniz-
ing the situation and taking corrective measures vas not incorporated
into the program.

Assigned Pressures Too Low

In an all gaseous system, a pressure can be assigned to the system
gquite arbitrarily. However, in a system with condensed products, the
assigned pressure can no longer be specified with complete freedom. The
assigned pressure must be greater than the sum of the wvapor pressures of
{he condensed species. The amount by which the assigned pressure must
oxecced tlie sum of the vapor pressures is determined by the partial pres-
surcs of other species in the gaseous phase. Should too low a pressure
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be assigned, the iteration will not converge since this would require
that some of the partial pressures become negative. Because the correc-
tions are logarithmic, a negative partial pressure cannot be obtained.
Such a situation is churacterized by large and negative A 1n ny for
some gases and small A 1n I for a few of the gases. The gases with
small A 1n nj ere the vapors of the condensed species and those gases
whose partisl pressures can be expressed entirely in terms of equilibrium
constints and the vapor pressures of the condensed species. The correc-
tion A ln A is also large and negative. Again, because of the rarity
of such a problem, no corrective measures have been incorporated into
the program. The correct answer can be obtained by repeating the calcu-
lation with fewer condensed species present or by assigning a higher
Pressure.

THE COMPUTER PROGRAM

A computer program, bzsed on the equations presented in the previous
sections, was written for un IBM 704 computer with an 8K core, an 8K
drum, and eight tape handlers. A detailed listing of this program is
given in appendix C. The program has also been converted for use on
an IBM 7090 computer with a 32K core and eight tape handlers. The
7090 program is given in appendix D.

The program can accommodate up to a 15-element system with 90 prod-
ucts of reaction and a maximum of 20 iterstion equations. These limits
on the size of the system that can be accommodated are dictated pri-
marily by the IBM 704 core capacity. For the IBM 7090, the program can
be readily altered to handle a larger system. At present, the program
does not handle ionized species although provision has been made in
Subroutine SEARCH for future consideration of ionized species.

The computer program can handle any one of five different problems.
Bach of these five calculations has been given an alphsbetic code name
with some mnemonic significance. Thus, an H,S problem is a rocket-
performance calculation where the combustion is at an assigned enthalpy
and pressure; this is followed by isentropic expansion, with composition
in chemical equilibrium, to various exit pressures. The exit points are
assigned 1in terms of pressure ratio PC/P. A maximum of 25 pressure
ratios may be specified including combustion pressure ratio PC/P =1
and throat pressure ratio. Since the program supplies its own estimate
for the throat pressure ratio, a value of zero should be read in as the
throat pressure ratio. The T,S problem differs from the H,S problem
only in the fact that combustion is at an assigned temperature rather
than at an assigned enthalpy. Both the H,3 and the T,S problems in-
clude calculations for frozen composition during isentropic expansion.
The T,P problem calculates equilibrium compositions for an assigned



temperature and a series of up to 25 pressures. The P,T problem cal-
culstes eguilibrium compositions for an assigned pressure and a series
of temperatures not exceeding 25 in number. The DETN problem deter-
mines Chapman-Jouguet detonation properties for an assigned temperature
and pressure preceding the detonation wave.

If, for some reason, 1t is desired to terminate the problem before
the entire schedule of points has been completed, this can be done with
sense switch 6. When sense switch 6 is in the down position, the problem
will be continued for only one additional iteration for chemical composi-
tion. Intermediate output for this iteration will be written as well as
the data for all completed points.

Because of the limited amount of core storage that was avallable on
+the TIBM 704 computer, it was necessary to segment the problem into five
core-loads, each with 1ts own main program and subroutines. The five
segments, or core-loads, are assumed to be available as five consecutive
records comprising the first file on tape unit two. At the Lewis Re-
search Center a computer monitoring system loads the core-loads onto
tape two. These core-loads are then brought into core storage from tape
two in any arbitrary sequence by the call statement CALL PONG (1) where
I=1,2, ..., 5. A program for loading the core~loads onto tape two
will not be supplied since most computing centers will already have some
system for doing this operation. The subroutine for calling core-loads
also will not be supplied, and its function must be performed by an
analogous subroutine available at the respective computing centers. The
coding for the IBM 704 program is partially in FORTRAN II and partially
in the pseudo-SAP of FORTRAN ITT.

The 7090 version of the program is essentially identical to the
704 version, except that because of the much larger core storage it was
unnecessary to segment the program. In the progrem for the 7090, the
main program for core-load one is the main program for the entire com-
puter program while the main programs for core-loads two, three, four,
.nd five sre subroutines. The elimination of program segmenting has the
dual effect of (1) appreciably decreasing the computation time because
of the elimination of a great deal of tape handling, and (2) somewhat
simplifying the program. During the course of program conversion, all
FORTRAN III pseudo-SAP coding was eliminated to obtain a program written
exclusively in FORTRAN II. This was made possible because of the avail-
ability (at the Lewis Research Center) of four functions to perform
shifting operations. These functions ALSF(N,X), ARSF(N,X), LLSF(N,X),
and LRSF(N,X) are compiled into the object program as open subroutines
and replace the machine language instructions ALS, ARS, LLS, and LRS, re-
spectively. The first argument N specifies the number of places that



the second argument X 1is to be shifted. The subroutines are compiled
as:

CAL N
ARS 18
STA *+2
CAL X
(Appropriate shift instruction)
Either STO for non-Boolean statements
or SLW for Boolean statements

For non-Boolean statements N can be either a fixed-point variable or
a fixed point constant, while X can be either a fixed- or floating-
point unsubscripted variable or constant. For Boolean statements N
must be either a fixed-point variable or a Boolean constant whose last
six octal digits must be zeros (e.g., 6000000), while X must be a
floating-point unsubscripted variable or constant.

The description of the program in the following sections and in the
flow charts (figs. Z to 9) will be confined to the IBM 704 version be-
cause the two programs are virtually identical. Since 80 card columns
of input are used, input to both programs must be by means of an IBM
1401 or other card-to-tape equipment that will put all 80 card columns
on tape. Under certain circumstances, the input may be through a card
reader; this will be discussed further in the section PROGRAM INPUT DATA.

The source program decks for either the IBM 704 or IEM 70920 will be
made available to computing centers if a written request 1s addressed to
the authors at the Lewis Research Center. The thermodynamic data of ap-
pendix B will be furnished for program checkout purposes if a written
request is made. The data will be supplied in the form of 23 word rec-
ords (see fig. 6) copied onto a tape furnished by the computing center
meking the request. Because of continuous reevaluation of thermodynamic
data, the data in appendix B will differ somewhat from the data in cur-
rent use by the thermodynamics section for performance calculations.
Current data will be furnished, upon request, in the same form as the
data used for program checkout purposes.



Core-Load One

Corc-load onc consists of MAIN PROGRAM ONE (fig. 2) and the three
dbroutines INPUT, SEARCH, (fig. ©) and BYPASS (fig. 7). The principal
uriction of this core-lcad is te process input information. This por-
ion of the program (1) assembles thermodynamic data from the master
ata tape, (2) determines which species shall be used in the calcula-
tion, (7)) determines which of the five types of problems is to be
worked, and (4) calculates the overall system compesition from the
sgaigned value of aay one of the three quantities: O/F, 9F, cr ®&.

2

.t

Subrcoutine INPUT. - Subroutlne INPUT processes the input information
on Lhe reactant cards, which contain the formulas of the fuels or oxi-
davts, thelr enthalpies, and densities. From this information the sub-
routine caleulates the gram-atoms of each element per gram of effective
tuel, the gram-atoms of each element per gram of effcctive oxidant, and
the correcponding enthalpies (soe eqs. (21) and (25)). In addition to
the various gram-atoms and cnthalples per gram, the positive and negative
oxidation states per gram are also calculated (sze egs. (28) to (29)).

The densities of the effective fuel and oxidant are calculated by
Subroutine INPUT except in the case of a detonation problem. For deto-
ion problems, the specifiic heats of the reactants must be read into
in place of the densities. These are uscd to calculate
in turn is used in the evaluation of detonation derivatives

to Ty (see table VI).

In order for Subroutine INPUT to perform the aforementioned calcu-
lations, a table of symbols, atomlc welghts, and oxidation states for
the chemical elements is needed. This table is read into storage by
cxlling the Subroutine BCREAD(A,B), which reads =z set of absclule binery
curds fato ATOM(I,J). The element symbols are in ATOM(I,1), the atomic
wolehibs are In ATOM(I,Z), and the oxidation states are in ATOM(I,3).
Since the index I can range from 1 to 103, there is space for 103 dif-
Tozent enemical elements.  The gsymbols for the chemical elements must be
i binery coded decimal and left-adjusted (e.g., ALOCOO, HbOOO0), while
the atomic weights and oxidation states must be floating point-numbers.
The oxidaticon states are those which correspond to the most commen oxi-
duiion states of the elements (e.g., aluminum, +5.0; sulfur, +4.0;

, -1.0). Subroutine BCREAD is a part of thc computer system at
tlie Lewls Research Center and is not given in this report. Any subrou-
tine or sequence of statements that will read the clement data into

C

=

crlorine

ATOM{I,J) can be substituled for subroutine BCREAD. The elemeant data
re considered constants of lhe program rather than input

P ATOM{I,J) a
a (coo soction PROGRAM INPUT DATA), inssmuch

o1
&
=)

= they are constant for




Subroutine SEARCH. - Subroutine SEARCH selects the thermodynamic
data to be used in the problem. A scan is made of the master thermody-
namic data tape; those species that are consistent with the chemical
system under consideration are selected. These are written as a separate
file on the master data tape. As the thermodynamic data are being se-
lected, the subroutine also compiles a set of formula numbers 13 from
the formulas of the reaction products.

Subroutine BYPASS. - Subroutine BYPASS interrogates or alters any
one of 90 bit positions in one of the three words PROD(1), PROD(2), or
PROD(3). Each bit position is associated with a particular reaction
product. A reaction product is considered in the calculation only if
its corresponding bit position is zero. The first argument (J) of the
subroutine specifies a particular bit position, while the second (TARG)
determines the function to be performed by the subroutine. If IARG =1,
BYPASS interrogates bit position J, setting IPROD to 2 if the bit is O
or setting IPROD to 1 if it is nonzero. When IARG = z, BYPASS changes
the appropriate bit from a O to a 1, while for IARG = 3 BYPASS changes
a 1l to O.

Core-Load Two

MAIN PROGRAM TWO (fig. 3) and the Subroutines BYPASS (fig. 7),
MATRIX (fig. 8), and GAUSS (fig. 9) comprise core-load two. All computa-
tions of the equilibrium compositions of complex mixtures are performed
in this core-load. In addition, for H,S and T,S problems, this core-
load also calculates equilibrium rocket performance parameters.

Subroutine BYPASS. - Subroutine BYPASS is described under core-load
one.

Subroutine MATRIX. - Subroutine MATRIX's sole function is the con-
struction of the iteration equations (see table I) appropriate to the
current problem.

Subroutine GAUSS. - Subroutine GAUSS is used to solve the set of
simultaneous, linear iteration equations constructed by Subroutine
MATRIX. The solution is effected by performing a Gauss reduction using
a modified pivot technique. In this modified pivot technique only rows
are interchanged. The row to be used for the elimination of a variable
is selected on the basis that the largest of its elements, after division
by the leading element, must be smaller than the largest element of the
other rows after division by their leading elements.

An iterative feature has been incorporated into Subroutine GAUSS.
A correction to the solution 1s obtained by replacing the right-hand
side of the equation by the residuals, that is, by the difference between
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the right-hand side and the value of the right-hand side as calculated
from the solution. This set of equations is now re-solved for correc-
tions to the previous solution. Iteration is continued until no further
improvement in the solution is possible or for a maximum of four itera-
tions. The criterion for improvement of a soluticn is the decrease of

a test function defined to be the sum of the magnitudes of the fractional
residuals for those equations whose right-hand sides are greater than 1
in magnitude plus the sum of the magnitudes of the residuals of the re-
maining equations.

Core-Load Three
The evaluation of rocket performance parameters for isentropic ex-
pansion with composition frozen at the equilibrium composition in the

combustion chamber is done in MAIN PROCRAM THREE (fig. 4). There are
no subroutines for this core load.

Core-Load Four
Core-load four does the calculations required to obtain Chapman-
Jouguet detonation properties and prints the results in a suitable
form. A flow chart for MAIN PROGRAM FOUR is given in figure 5. Flow
charts for the Subroutines OUT, COMP, ONCE, and SPEC are not given
since these only print the answers in a convenient form.
Core-Load Five
The last core-load is an output program; that is, it merely takes
the results of calculations for H,S; T,S; T,P; and P,T problems and

prints them in a convenient form. No flow chart is given for this pro-
gram.

PROGRAM INPUT DATA

A number of options are available in the program. These opticns
include the following:

(1) Selection of any of five types of problems
(2) Omission of any gaseous reaction product
(3) Initial consideration of any condensed reaction product

Because of these options, the input to the program, although simple and
straightforward, is larger than it need be for a less flexible program.



In addition to blank cards, five types of input cards are needed to
supply all of the required information to the program (see discussion

of element data in section Subroutine INPUT). These five types of cards
are given in the appropriate order in table VIII. Blank cards are used
after each input card type whose number is variable. Upon encountering
a blank card the program will terminate the reading of one card type and
will begin reading the next card type in the input sequence. A descrip-
tion of the nonblank cards is given below.

Reactant Cards

Table IX gives three sets of reactant cards. The first set corre-
sponds to a typical solid propellant, the second is typical of the set
of reactants for a liquid or gaseous prcpellant, and the third is a
typical set for a detonation calculation. In particular, these three
sets of reactant cards are those used in the calculations of tables X
to XV.

The format selected for these cards was based on ease of specifying
the reactants for either gaseous, liquid, or solid propellants. For
liquid or gaseous propellants the reactants are generally categorized as
fuels or oxidants. An F keypunched into column 72 indicates that the
substance is a fuel, while an O signifies an oxidant. When more than
one fuel is used, the program combines the fuels into an effective fuecl
if the relative welght of each fuel is given in columns 4€ to 53 (a dec-
imal point must be given). If only one fuel is used, then any number
(with a decimal point) may be placed into columns 46 to L3. A similar
description covers the case where the propellant contains one or more
oxidants.

For solid propellants, the reactants are usually not labeled as
either fuels or oxidants. The composition of the solid propellant is
normally given in terms of the relative weights of each ingredient.
However, for input purposes each ingredient of a solid propellant is
designated as a fuel (i.e., F in column 72). Since all ingredients are
considered as components of a fuel, 100-percent fuel must be specified
on the mixture card (see below).

The chemical formula for the reactant appears in columns 1 to 45
and may contain up to five different chemical elements per reactant.
Each chemical symbol is allowed two columns {left-adjusted for a one-
symbol element). Bach formula number is zllowed up to six figures plus
a decimal point. The decimal point is required even for integers.

The state of the reactants (S, L, or G in column 83) and thelr tem-
perature (columns 64 to 71) are for information purposes only. They may
be omitted if desired since this information is not required by the pro-
gram. The enthalpies of the reactants are given in columns 54 to &2,
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which supply enough space for eight digits and a decimal point if the
number is positive or seven digits, a sign, and a decimal point if the
number is negative. The enthalpy values must be consistent with the
enthalpy base selected for the thermodynamic data (see the discussion

in the section Thermodynamic Data). These enthalpies are used in equa-
tion (23) to calculate h, and hp, which are then used in equation (24)

to calculate assigned enthalpies for H,S problems. For the H,S; T,S;
T,P; and P,T type problems, columns 73 to 80 are reserved for the densi-
ties of the reactants. Space has been provided for seven digits and a
decimal point. If the densities of all reactants are given, the density
of the propellant mixture will be calculated; otherwise the propellant
density is printed as zero in the output. For a DETN type problem, col-
umns 73 to 80 must contain the heat capacity at constant pressure for
the reactant.

If an on-line card reader is used to read the input data instead of
an IBM 1401, the contents of columns 73 to 80 will not be read. For the
H,S; T,S; P,T; and T,P problems, all calculations will be unaffected
(and a value of zero will be printed on the output format for the density
of the unreacted mixture). For the DETN problem, all answers will be
correct except for detonation derivatives with respect to Tl and the

following functions of the unreacted mixture: isentropic exponent, sonic
velocity, and Mach number of the detonation wave.

Omit-Insert Cards

Subroutine SEARCH, previously described, selects from the master
thermodynamic tape all species that are consistent with a given chemical
system. In the absence of prior information the program makes the ini-
tial assumption that all the selected gaseous species may exist in appre-
ciable concentrations and that condensed species will not be present, at
least for the equilibrium conditions corresponding to the first point.
When the iteration converges, the latter assumption is checked and, if
necessary, corrected automatically.

Omit-Insert cards serve two different purposes depending on whether
the formula for a gaseous or condensed species appears on the card. If
the formula for a gaseous species is on the card, that specles will not
be considered by the program for all assigned conditions. This permits
the omission of any gaseous specles from the calculation without the
necessity of remaking the master thermodynamic data tape. The omission
of one or more gaseous species may be desired in order to determine the
resulting effect on composition or other properties of the system. The
omission of gaseous species may sometimes also be desired in order to
reduce calculating time. (This assumes some "a priori" knowledge of
which species may be omitted without affecting the results to the de-
sired number of significant figures.) If the formula for a condensed
species is on the Omit-Insert card, the program will initially consider
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this species to be present at the assigned conditions corresponding to
the first point. After convergence, this assumption is checked automat-
ically and corrected if necessary. In contrast to gaseous species, a
condensed specles can be omitted from consideration by the program only
by removing it from the master thermodynamic tape.

The names of up to four species can appear on each Omit-Insert card
in columns 1 to 12, 16 to 27, 31 to 42, and 46 to 57. The names must be
keypunched exactly as they appear on the master thermcdynemic tape (ap-
pendix B).

Problem Cards

These cards are used to specify which one of the five problems is
to be worked (H,S; T,S; P,T; T,P; or DETN) and also to assign an identi-
fying case number to the problem. Columns 1 to 4 contain the alphabetic
designation for the problem beginning in column 1. The assigned case
number 1s a set of five digits keypunched into columns 6 to 10. This
case number appears on the output listing.

Schedule Cards

Every type of problem except DETN requires a schedule of points to
be calculated. For the DETN problem the schedule cards and the blank
card that follows them must be omitted while the other input cards re-
main as before. The schedule for the other four problems must not ex-
ceed 25 points. For the H,S and T,S problems the schedule of points is
a series of pressure ratios PC/P. The first pressure ratio (combustion
chamber) must be unity; the second, corresponding to threcat, is left
blank; and all others are optional. For the T,P problem, the schedule
is a series of 25 or less assigned pressures in atmospheres. For the
P,Toproblem the schedule is a series of 25 or less assigned temperatures
in K.

Each schedule card contains as many as five assigned values in col-
umns 1 to 10, 11 to 20, 21 to 30, 31 to 40, and 41 to 50. Thus there is
enough space for nine digits and the required decimal point for each as-
signed value.

Mixture Cards

The mixture card is used to specify the relative amounts of the ef-
fective fuel and oxidant and to provide either initial estimates or as-
signed values for pressure and temperature. In addition, the mixture
card permits two options. The first option permits intermediate output
to be printed for each composition iteration if an integer is keypunched
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in column 72. The intermediate output is described in the section
INTERMEDIATE OUTPUT. The second option may be used only in the DETN
problem. If the code columns (i.e., columns 51 to 55) are left blank,
the sonic velocity of the burned gas i1s calculated by use of 7yj; if they
are nonblank (any integer with no decimal point), then the sonic veloc-
ity is calculated from K, the ratio of equilibrium specific heats.

The relative amount of fuel and oxidant is specified by any cne of
the three quantities &, O/F, or %F; the card columns corresponding to
the remaining two are left blank. Columns 1 to 10, 11 to 20, and 2zl to
30 are tor R, O/F, %F, respectively. In each case, there is sufficient
space for nine digits plus a required decimal point. Columns 31 to 40
and 41 to 20 provide space for a pressure and temperature, respectively.
The purpcse of the pressure and temperature differs from problem to
problem. For the H,S problem the pressure in pounds per square inch ab-
solute is the assigned combustion pressure, while the temperature in °x
is the estimate for combustion temperature. For this problem the tem-
perature is optiocnal. If the temperature is left blank, the program
automatically uses a temperature estimate approximately equal to 3800° K.
For a T,S problem, the pressure in pounds per square inch absolute is the
combustion pressure and the temperature in 9K is taken to be the combus-
tion temperature. For the T,P problem the pressure is ignored by the
program, while the temperature in 9K is the assigned temperature for the
series of pressures read in on the schedule card. For the P,T problem
the pressure in atmospheres is the assigned pressure for the series of
temperatures read in on the schedule card, while the temperature on the
mixture card is ignored. In the DETN problem, the pressure in atmos-
pheres and the temperature in 9K correspond to the pressure and tempera-
ture preceding the detonation wave.

PROGRAM OQUTPUT

Tables X to XIII are examples of the final output for three types
of problems. Tables X and XI are the output of an H,S problem for a
solid propellant. Table XII is the ocutput of a P,T problem for stoichioc-
metric hydrogen-air. Table XIIT is the output of a Chapman-Jouguet de-
tonation calculation (DETN) for stoichiometric hydrogen-oxygen.

The three tables are slmost completely self-explanatory; however,
the symbols for some guantities are somewhat different than those used
in the text. The reason for this is that the IBM printer does not con-
tain characters such as lower-case letters, Greek letters, subscripts,
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or superscripts. The following examples illustrate the differences:

(DLI/DLPC)PC/P = (o 1n I/3 1n P.)P./P, B

(DLCS/DHC)PC/P = (3 1n c*/oh,)P,/P, P,

(DLAR/DLECP)S = (3 1n ¢/0 In P, /P)g

During the calculation of the data of table X, the program consid-
ered the possible occurrence of 11 condensed species (counting solid and
liguid phases of the same gpecies separately). Of these 11 only four
appeared in nonzero amounts, namely, Mg0(s), MgCls(s), A150z(s), and
A1,0z(1). Of these four species, only Al,0z(1) was keypunched into en
Omit-Insert card for initial consideration by the program; the other
three species were put into the calculation, at the appropriate time,
by the program. Furthermore, MgO(s) and Al50z(1) were removed from the
calculation based on decisions made by the program. Points four, five,
and six of table X illustrate the typical behavior when two condensed
forms of the same species coexist. 1In this example, the coexisting spe-
cies are Al,0z(1) and Al,0z(s) and the temperature for these points 1s

the melting point of Alzos(s). For these same three points, the molec-

ular weight derivatives appear as Zzero. The reason for this is that the
equations of tables II and III are singular for the coexistence of two
forms of the same condensed species. This prevents the calculation of
the molecular weight derivatives and the heat capacity at constant pres-
sure. However, for the purpose of calculating a velocity of sound it
was felt desirable to calculate a frozen heat capacity at constant pres-
sure, which could then be used to calculate a frozen isentropic exponent.
As = final point, it should be noted that the program lists separately
those species that were considered in the calculation but which were
only present in trace amounts and those species that were intentionally
omitted from the calculation because their formulas were keypunched on
Omit-Insert cards.

Tn table XI only four points are listed although the same points
that were calculated in the equilibrium calculation of table X were
specified in the frozen calculations. The reason for this is that in
the frozen program the calculation is terminated when a sufficiently
low temperature is reached so that a species, present at combustion, no
longer nas thermodynamic data at this temperature. In table XI the spe-
cies AlZOB(Z) has data only to the melting temperature 2317° K. Since
the program permits extrapolations for 20° beyond the end point, the
program considers that data for Al203(1) exist to 2297° K. The pres-
ence of the last point at a temperature of 2270° K can be accounted for
because the program permits completion of the calculation for the first
point past the 20° extrapolation limit.
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The program can list the reactant input data in one of two format
types. The first of these is used when at least one of the reactants
has a noninteger formula number. This type is illustrated in tables X,
XI, and XIT. The second format is reserved for those systems where all
formula numbers are integers. This is illustrated in table XIII.

The preliminary output (table XIV) is written primarily to provide
information as to what problem the program 1s working in the event no
final output is obtained. The last line of table XIV is printed during
frozen expansion in the event that the exit temperature is below the
temperature range of a species (see discussion of table XI).

INTERMEDIATE OUTPUT

Many safety features have been incorporated into the program that
will prevent the calculation from becoming divergent. However, it was
not possible to include corrective measures for two situations. The
first is the problem of poorly conditioned iteration equations whose
solution results in excessive fractional residuals (>0.5x10"%). The
second is the problem of singular iteration equations. In these two
situations the program returns to the first iteration for the initial
point and begins iterating, this time printing intermediate output to
assist in debugging. Table XV is the debug output from the solid pro-
pellant calculations shown in tables X and XT. This output was obtained
by the method described in the section Mixture Cards, rather than result-
ing from either of the two situations Just discussed.

All of the legends that appear on the right-hand side of table Xv(a)
are not written by the program. Similarly the headings in table XV(b)
have also been typed. In table XV(a) the first line gives the case num-
ber assigned to the problem and the type of problem; the second line
gives O/F, %F, R, and P.; the third and fourth lines give the enthalpy
per gram of propellant hg and the gram-atoms of the elements per gram
of propellant b, which for this problem are by, bg, b8y, by, bR, bs,
bZl’ and bS . The next 22 lines are the iteration equations correspond-

ing to table I. For some problems each iteration equation requires only
one line. However, for this example, each equation of table I requires
two lines. The first 16 of these 22 lines correspond to eight reduced
mass-balance equations for the eight elements in this problem which have
been taken in the following order: nitrogen (N), hydrogen (H), chlorine
(C1), oxygen (0), carbon (C), sulfur (s), aluminum (Al), and magnesium
(Mg). The next two lines are for M 50z(1). The last four lines are for
the pressure and enthalpy equations. For this problem, the coefficients
of A ln w, AnAlZOS(Z)’ -Aln A, A 1ln T, and the right-hand side of

each equation are given by the eight columns of line one and the first
four columns of line two for each pair of lines. The fifth column of
line two gives the fractional residuals for that equation (see discus-
sion of fractional residuals in the section on Subroutine GAUSS).
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In table XV(a) following the set of iteration equations are two
lines which give the solution to the preceding set of iteration equa-
tions. The next line gives the current value of T, P, A, and A. The
remaining 81 lines give the formulas, nj, In ny, A ln ny (or Any; for
condensed species),;Hi and /ji for each of the 81 species. The word
OMIT preceding the formula for a species indicates that this product is
not considered as a product of reaction for this problem. It may be
noted that the initial estimate i1s 1 atmosphere for each gaseous species
and zero moles for each condensed species. A zero in the An; column
for a condensed reaction product indicates that this species i1s not being
considered during the iteration. It should also be noted that the cor-
rection to AlZOB(Z) is negative, and, therefore, Alzos(l) will be present
in negative amount during the second iteration although when the itera-
tion converges it will be positive. This indicates the inadvisability
of checking the condensed species at each stage of the iteration. A
final point to note is that A for this iteration was determined by the
species CO(g).

The previous sequence of lines is printed for each iteration. When
the iteration converges, the answers are printed as shown in table XV(b).
This set of answers corresponds to the throat pressure ratio
PC/P = 1.777 of the data of table VITII.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, June 26, 1962
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APPENDIX A

SYMBOLS
totel mass reactant
nozzle area per unit mass-flow rate

area per unit mass-flow rate st nozzle throst

formula numbers giving gram-atoms of 10 clement in
jth specles

formule numbers of oxidants and fuels giving gram-
atoms of ith element in ! oxidant sna fuel, re-
spectively

congtants in empirical equations for thermodynamic
data
gram-atoms of 10 element per unit mass of mixture,
n
1
A Z #1315
=

O
by - by

assigned value for gram-atoms of 1th

unit mass of reactant

element per

gram-atoms of 11 element per gram of effective

oxidant or effective fuel

thrust coefficient

heat capacity ot jth species at constant pressure

S (Hp) 3(85) .

heat capacity per mole at constant pressure for sth

es
(5.

specics divided by gas constant
2
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heat capacity of reaction products at constant pressure
per unit mass

frozen heat capacity of the unreacted mixture at constant
pressure per unit mass evaluated at T;

heat capacity of reaction products at constant pressure

per unit mass evaluated at T; and Tq, respectively

heat capacity of reaction products at constant volume per
unit mass

characteristic velocity
standard-state free energy per mole of jth species,
0 o
(HT)j - T(ST)j
weight or mass percent fuel

free energy per mole of jth species divided by RT,

(59

—ET—Q + 1n ny (3 =1, 2, ., m) and
%),

T (J =m+1,m+2, ., 1)

gravitational conversion factor,
%2.174 (1b mass/1b force)(ft/secz)

heat of fusion per mole of condensed speciles

enthalpy per mole of jth speciles
o)
th (HT>j
enthalpy per mole of J species divided by RT, =
enthalpy of reaction products per unit mass of reactant,
n

% Z <H%)jnj

J=1

combustion enthalpy of reaction products per unit mass of
reactant
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hg assigned enthalpy per unit mass of reactant

hy enthalpy per unit mass of reactant before detonation wave

h* throat iteration parameter, h + %52

h enthalpy of reaction products per unit mass of reactant
divided by RT, h/RT

ah hy - A

hO assigned enthalpy per unit mass of reactant divided by
RT, hg/RT

I specific impulse with ambient and exit pressures equal,

(1v force)(sec)/1b mass

Ivac specific impulse into vacuum (ambient pressure equal to zero),
(1b force)(sec)/l1b mass

[ number of different chemical elements

M molecular weight, A/P

M. combustion-chamber molecular weight

M?,Mg formula weights of i'R oxidant and itP fuel

M;,M,,M, molecular weight at Ty, Ty, and Ty, respectively

My molecular weight of gas before detonation wave
v 4 Mach number, U/US

m number of gaseous reaction products

n total number of reaction products

Ny moles of jth species

O/F oxidant-to-fuel weight or mass ratio

P static pressure, atm

AP Po-P

P. combustion pressure, atm



e
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Sz,ss

assigned static pressure, atm

pressure before detonation wave, atm

:th

partial pressure of J species, atm

universal gas constant, 1.98726 cal/(mole)(%K)

equivalence ratio, -[V; + (O/F)V;]/[V- +

7+ (0/F)V]

density ratio across a shock, p/pl
m

=Tkt T ), S5t
J=1

entropy per mole of jth species in standard state

entropy per mole of jth species divided by R,
SO
(59)

R J _ 1n n; (3 =1, 2, ., m) and
o

C
R (j=m+1,m+2, ., 1)

entropy per unit mass of reactant

combustion entropy per unit mass of reactant

entropy per unit mass of reactant at T; and T

s
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respectively
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S0

assigned entropy per unit mass of reactant (taken to be equal
to  sq)

entropy per unit mass of reactant divided by R,
5 1 —
F-% 0, A%
J=1

A~ = 4

0

assigned entropy per unit mass of reactant divided by R,
s /R
0

absolute temperature

combustion chamber temperature

equilibrium temperature for assigned entropy and pressure
where condensed species 1s all liquid, mixture of liquid
and solid, or all solid, respectively

absolute temperature before detonation wave

flow velocity

detonation velocity

sound velocity, \/(BP/BQ)S

koh compenent of solution vector of iteration equations in
table I where k =1, 2, . . ., 1

positive and negative oxidation states of an element in its
commonly occurring compounds

.th

welght of 1 U0

oxidant or i fuel

mass-flow rate, 1lb mass/sec

mcle fraction of jth speclies 1n mixture

mole fraction of condensed species at TZ’ Tm, and Ts’
respectively

(‘ﬂ) i
T/ M
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isentropic exponent, (3 1n P/d 1n plg
isentropic exponent in combustion chamber

area ratio
cp/cv
any parameter

empirical parameter (0 < A < 1) used to control size of correc-
tions during iteration, defined in eq. (42)

convergence parameters defined in egs. (40) and (41), respec-
tively

density
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THERMODYNAMIC

Formula

Temperature range for
which data exists

APPENDIX B

DATA

First tempera- ay ap ax 8 ag ag ay
ture interval ’
Second temper- ay ap ay 2y ag ag ay
ature interval

ALLTu) 30L.0u 5000.00

Lutu,  500U.
UL Ll

auliiy
LokiU.
WG

LSRN
LU, 5060,
U, dUu.

AL tul
LU, 500U,
WYL 1BUU.

ALLLL kL)
itu. 50U,
swle luo.

ALTLL M)
[EUT PN
suue LGUG.

ALLE Ltur
ou. Suou.
L. L.

EISTRIIS!
Leuus Susu.
LD P

AL 4
Laube BUUUL
ST YUK

ETETEN
Lovle SGlna
fuve  lute,

atdndtu)
Tobu,  %U0u.
[P P II

ALLLAGL)
[REI T DT ATIIN

Suus LDOU.

accultol

[SNEN. LT
Wo. o lubu.
Alcacdol
Lewts BUUU.
s Luliu.
AL utict
Lale Suie.

wo. LuCu.

ALcuNts)
Wuls  bUBL.
gl loou.

ACLULELLIL)
fuvu. SuGu.
Wi. o luud.

Actule byl
Lnbn. Suu.
sul. OO,

anilu)
LUGU.  SULU.
Swu. LlUOU.

il
Laut.
.

nilL)
uou. SUGG.
UL ludu.

sltsl
[SVIETIRE YV TP
o, lutu.

Buty)
b subu.
St Lt
pictlivy

luue, scec.
UG. luuu.

Blotilud
LuwU. duuu.
[T VYTV

Blob $4u)
LoubL SU0T.
[ PO VIV

bl itul
twud. 00,
s0u. lugu,

LYUPII]
Lud,  3000.
sou. b,

81t 3lu)
ludu. 5000,
0. 100u.

Bli L i(e)
RNV NI
oL duuL.

2.537820%c 0O
2.83%2360t 00

9Iz.00
3.u824470c w0
3.522435790 U0

306 0u
0.
2.38941021 VU

UL DU
4.36T1430c U0
J. 66009428 VD

$0G.0Y
43035093 LY
3.1509009¢ UQ

300,00
P.42050581 GO
5.UST248b80 UO

WUy
LR PLIMVT NI
26930710t U0

3Gu.Lu
B.yoHZ0boL 00
2.3231404L WU

s0u.00
Ue
-loleSitane 0

[F
L.uadsuaye ol
LeGs3gem ul

FUL Ly
3.3055¢ e up
3.77165%42L ub

SuL .U
Sedultaes ud
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BULLue
S.ITETHUT ug
PEEL T ET LY PR

SGL.uu
SOZusenl WO
YTLUeU I 30

8L Teuu
(IS PICIRRNGY

0004
F.1785u7 0 U
~6.992CsbYe GO

FoL LUy
L. 7300573 Wl
ZotTiie 8o

[ITOAF)
8.39935T 8 w0
La13Temsic w0

SUL.OY
249989210 VO
2w WY

s0U.UU
AT S FOTENIT]
2.5091uube U0

23ui,0u
3.6733395¢ wo
-0.

300.00
6.83R436TL-01
~ZiufbgeibE -0l

30U Uy
3.906slove 0O
1.6U600¢0c UL

300,00
“.09568860 U0
Z2.u4BEBIve LU

300.0U
6.3U54380c LU
3.9R819340 00

uu.bu
8.6l03%utL U0
3412174500 0O

306.00
3.9528910E VO
3.958Bu82E GO

3uu.0u
S.404765 7L 00
3.059052 10 VO

300L.60
8.9712009¢ 00
2.11190B6L 0L

S0G.UY
5.9487500L VU
LRSI SIS TN

-6.099070bL -65
=1.9134012E-03

5000.00

-0.
932,00
2.22403 39601

5000, 40
3.05343491-a4
3.808ZuaTe-ud

50U0. LY
2.464p9i0-uk
5.69L338lL-u3

5060, LY
6.5%6uk s4L-04
1992 len se-ue

5000. uu
4. TL5EY UL UG
SeT33seauc-n3

20¢0. Uu
LobZububte-ud
2.0udlsalo-ug

T2t.0u
6238619260 -02

tsal.fu
Losuieiozi-us
Labudutuei-ds

50U U
L.38ubouci-u3
“Zuoteledulo-ud

2000, Uy
P ST PRTTRTY
3.fubnludi-ud

5000, vy
Te3T71ubhse-us
belosutile-ul
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APPENDIX C

PROGRAM LISTING FOR IBM 704

MAIN PROGRAM ONE

COMMON C

EQUIVALENCE 16611 Clidhe
EQUIVALENCE {FORMI1)y Cl1dts
EQUIVALENCE LELMTI1), Cl16)s
EQUIVALENCE (DATALL} Ci{31)t,
EQUIVALENCE LALL) Cla21))
EQUIVALENCE (COEFTI1ls Cl&21)}s
EQUIVALENCE {ANSEL) s Ctazlite

EQUIVALENCE  [HSUM, Ctazal,
EQUIVALENCE INTMOL Ctazéidy
EQUIVALENCE  (DLMPT, C(8281)y
EQUIVALENCE {GAMMA 5 C(a30113s
EQUIVALENCE  {VMACH, C(432))
EQUIVALENCE IVACT, Cia34) )y
EQUIVALENCE  (RHOI, Cls37))
EQUIVALENCE  {RHO» C(8391)
EQUIVALENCE 1T Pla CL4401))
EQUIVALENCE (EP Pla Clad2)},
EQUIVALENCE (T ETA, Claasyy
EQUIVALENCE  {ETA I, [STTYIENY
EQUIVALENCE (AW ETAs Closd) )y
EQUIVALENCE (S16G s Ciasly)
EQUIVALENCE 1AW S51Gy C(a53)}
EQ')IVALENCE (EN{T)y Ci177L 4y
EQUIVALENCE (BOX(1)e Ci1?710)
EQUIVALENCE (BOF (1) CL17861)
EQUIVALENCE {HXy C(180111,
EQUIVALENCE (VXPLS, C{1803}3}
EQUIVALENCE  [VFPLS, (180511
EQUIVALENCE  {EN LN{1}s C11861))4
EQUIVALENCE  {DEL Nills C{1951)),
EQUIVALENCE  (COEFX(1}s Ci19511}s
EQUIVALENCE iDX{1)e 1195111
EQUIVALENCE  (HOL1}s 1204111
EQUIVALENCE  £S(11, 213111,
EQUIVALENCE (X411} C(22211}
EQUIVALENCE IFORMLA{L}e CL222110),
EQUIVALENCE  {DELTA{L)s C{224111s
EQUIVALENCE  (BD(11s 1226111,
EQUIVALENCE (PO {22764,
EQUIVALENCE (504 (227831,
EQUIVALENCE iTs CL228011»
EQUIVALENCE (ALY g 1228211,
EQUIVALENCE  (HC» 1228411,
EQUIVALENCE  (PCP{1), C1228611,
EQUIVALENCE  (PROD{1}s  €(231111,
EQUIVALENCE  (DATUMI1)e C(231113,
EQUIVALENCE  (PC, (231411,
EQUIVALENCE  (IPROBs 123161},
EQUIVALENCE  (IHS, 1231810,
EQUIVALENCE  (15YM, 23201
EQUIVALENCE  (1DIDy Ce2sazny
EQUIVALENCE  (IDRM, (232310,
EQUIVALENCE (L 1232510,
EQUIVALENCE (M, Ci232711s
EQUIVALENCE (N, 232911,
EQUIVALENCE (101 1233110,
EQUIVALENCE (101, 1233310,
EQUIVALERCE  (IMAT, C€(2335))
EQUIVALENCE  (1ADD, 123361y
EQUIVALENCE (ITAPE, 1233830
EQUIVALENCE (IDEBUG Ct23403 0

DIMENSION Gl20e21)s 4415+901 s
DIMENSION DEL N{90}s HOI90)s
DIMENSION DELTA{20}s BOL151»
DIMENSION COEFX{20})s DXi(201»
DIMENSION ELMT(15}y DATA(231,
DIMENSICN BOX{151} ACFI(15],

H S ALF HsS
T 5 ALF TeS
P T ALF PsT

T P ALF TP
DET ALF DETN
END ALF END
BLK ALF 00000

SOMIT ALF oMiT

AfNABLLLLLLRNAN

MT ALF
CONVERT BST TO BSF IKSTRUCTIONS AT 4

390 CAL®#390
STP®as0
STP#1487
STP#83)
STP®596
STP#600
STP#22%
STP#229

READ IN INPUT DATA

400 READ DRUM &,455,:15YS
1F (1SYS=99) 401»403+401
403 READ TAPE 34(G{l}slnle2341)
REWIND 3
IF (SENSE SWITCH &) 651s719
401 15Ysm99
WRITE DRUM #4455,15YS
1FROZ=0
PAUSE 11111
405 1383
lasms
KDRUM=Z
LDRUM=3
ITAPE=4
429 CALL INPUT
1F {L) 85146510433
433 WRITE DUTPUT TAPE 6.443s HX2VXPLSsYX
1s (ELMT{1)+BOX(T}eBOF(I}slmlaL)
443 FORMAT [1OHIOXIDANT 3E18.6/10H FUEL

RIGHT ADJUST ELEMENT SYWBOLS

DO 84T Xelot

(G(420)» Cis20))
{FORM{15}y CIL15))
{ELMT{15}s CI301)
{DATA(23)y CU33))
(A013501s Ct177011
(COEFT(13501sCL17701)
(ANS (4541 CLBT4))

(SSUMy Ci825))
(CPy Cl1427)}
(OLMTP, Craz29))
{ARATIO C{a31))
(SP ImMpP, Ci1633))
(CFy CLa36))
(RNOVAC, Ci{e38))
{P1 Iy cresln)
(AW Pl Ciba3))
LEP ETA» ClaaT))
(T S1G CLa50))
(EP SIGy Ci452))

(EN(90)» ct186011
(BOX(15) ClL1785))
(BOFI1St. C11800))

(HF Ci1802))
(VXMIN, CL1804))
{YFMIN» C{1806)}

{EN LNISOYs C{1950))
{DEL N(90)» CI12040))
{COEFX(20}y CL1970))
{OX1201s CL1970) )
{HOI190T {21300}
(S1901 ci22201}
(X120} C{2240))
{FORMLAI181+C{223B)}
(DELTA(201s C{2260))
(HOU15Y, Cr22751}

(HSUBO, 22771y
{T LN» Cr2279))
{AAY N> Ct2281))
(CPSUMy Ci2283))
(TC LNy ci2265))

(PCPL251 Cta3l0t
(PRODI(3] Ci231s1)
(DATUME3) s C12313))

(TC, Cr231%)
CIFIXT, Ci23171)
(ICOND» Ciz319))
CIPRCD ciz3zin)
(LDRUM, Ci2323))
(KDRUMy Cl23z2e))
Ll Ct23ze))
(M1 C12328))
(10, cif23300})
(102, Ci2332y)
(KMAT €i2334))
{1USE s C12335))
(ETNUMB » Ci12337))
Py 1233911
(IFROZ 4 Ci2341))
ENIS0)+ EN LN{9D)
51901 Xi201

PCP(25), PROD{3)
FORMI151s COEFTI15490)
CATUMI3 ] FORMLA(18)
ANS(456) SYSTM{15)

50116457153 115961600+2250229

MINyHF s VFPLS o VFMIN

3E1646/11H A642E20.8)1)

0011

9067
0068
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LDG ELMT(K)

L1
STQ ELMTIK)
LRS &

LLS &

SUB BLK
TNZ#a47

CLA ELMTI(K]
LRS 6

STO ELMTIK]
CONTINUE
READ DRUM 4,456,SYSTM
CLA SYSTMIL#1]
TNZ#453

CLA SYSTMIL}
TZE#453

DC 449 KaliL
DO 448 JslsL
CLA ELMT(K]
SUB SYSTMIJ)
TZE®449

CONT INUE

GO TC 453
CONTINUE
REWIND 13
BST 4

NOP

RTB &

CANCEL ———0M1T7S=~=FROM PREVIOUS PROBLEM

DO 1455 [NT=1s2

READ TAPE ITAPE{{COEFTIKsJ)ake14158)¢Jm1490)
DO 1453 U=l

CLA MT

STO COEFTI1s0)

WRITE TAPE 3, [{COEFTIKyJ}sKn1s15)eJm1490}
1USEm1

REWIND 3

BST o

NOP

RTB &

GO TO 598

DO 4%9 K=1415

SYSTMIK I =ELMT(K)

WRITE DRUM 6465635YSTM

I1TAPE=2
REYIND 13
REWIND |4

BYPASS PING-PONG CORE LOADS ON TAPE 2 AND SAVE MASTER DATA FROM

TAPE 4 ON TAPE 2

RTB 2

Py

TRA#522

TRA®523

TRA#S22

READ TAPE l4s IDATA(IN,121,23)
WRITE TAPE 24 (DATA(I141=1,23)
CLA DATA(1)

su8 END

TNZR523

8sT 2

NOP

RTE 2

REWIND 13

REWIND 14

CALL SEARCHI(13, 14, TUSE)

PUT COMPILED DATA TAPE ON TAPE « FOLLOWING MASTER DATA

IF (1b6-4) 5964593,596

D0 594 INT=1,2

READ TAPE [4» ((COEFTIK»J) 1K=1215)10%1+90)
WRITE TAPE I3+({COEFTIKsJ)sK=141%5)3J=1490)
CONTINUE

REWIND I3

REWINO 14

8sv 2

NOP

RTB 2

READ TAPE ITAPEs(DATA(I)il=1:23)

WRITE TAPE &» (DATA({l)sI=1,23}

CLA DATA(L}

5U8 END

TNZ=397

ENMD FILE &

00 599 INTel,2

READ TAPE 3 ((COEFT(Kpdlskmla15)sJ=1490)
WRITE TAPE 42 ((COEFT(KoJ}sKm1s15)4Jn1390)
IF (IUSE-2) 60016354435

BST &

NOP

RTB &

REWIND 3

SET ARRAY PROD TO 8YPASS ALL CONDENSED PHASES

PROD(1)=040
PRODI2) =040
LXD MsiM)

SSP

com

tRS 33

M
TAL®I98 s (M) o35
TXLEI99 s (M) 070
TAL*200s (M) y00
60 TO 838

5TQ PRODI3)
ST0 PROD(2)
LLS 334iM)

5TO PRODI1)

G0 10 201

Sl
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203
204
205

20

20

<

211
213

222
224

225

227

279

502

607
609

joa
101
703

107

109

1

71

w

715

STQ PROD(31
LLS 70e(M}
STO PROD(2]
GO Y0 201
LLS 105s (M}
STG PRODI3)
10=L
101=1G+1
1Q2=101+1
103-1G2+1
L1=101
Ml=msl

DETERMINE WHICH GASEOUS SPECIES SHOULD BE OMITTED FROM THF PROBLEM
AND wHICH CONDENSED SPECIES SHOULD BE USED IN THE FIRST [TERATION

READ INPUT TAPE 7,204 (DATAIINaI=148)
FORMAT (412A6»3K}]
CAL MT

oM

ANA DATA(L)
TZE*220

00 213 K=lra

DO 21} J=1uN

D0 208 12243

KX =28K+]1-3

CAL COEFT(I4J)

CoM

ANA DATA(KK}

TAZe211

CONTINUE

IF (J=M} 2093209+210

CALL BYPASS [J»2)

60 10 213

CALL BYPASS (Jr3)

GO TO 213

CONTINUE

CONTINUE

G0 TO 2013

0O 224 INT=142

READ TAPE 4» ([COEFTIKsShsK=1315)0Ju1450)
00 222 J=1M

CALL BYPASS tJs1)

IF (IPRON=2) 22142224221

CLA OMIT

STO COEFT(Lyu)

CONTINUE

WRITE TAPE 3, [(COEFTI(KsJ)skals15)sJ=1290)
REWIND 2

85T &

NOP

RTB &

DO 227 INT=142

READ TAPE 3, ((COEFTIKsJ)sK=1s15)5J=1250
WRITE TAPE 4» (ECOEFTIKyJbaK21,15)s0=15901
REWIND 2

857 &

NOP

RTE 4

ARRANGE ANSWER REGION

I=1

DO 602 JeliN
COEFTLIN=COEFTI14J)
COEFTUI+1)=COEFTI2+J)
COEFTUI+2)=COEFT (34}
COEFT(1+3}2040

JEREA

K=i#N

TeR+36
COEFTI1)=COEFT(K}
K=K-1

IF (K) 65126074605

DO 609 Kxl434
COEFT(K] =040

WRITE DRUM KORUM418761ANS
REWIND 2

READ TAPE 2

ITAPE =4

READ TAPE ITAPEs I {COEFTIKsJd)4Kx1e15)9J=1490)

WRITE DRUM KDRUMqy14COEFT
DETERMINE TME TYPE OF PROBLEM

IFRO2=]

READ INPUT TAPE 7,703sPROB+KASE
FORMAT (AS,]5)
WRITE DRUM &3 7B894KASE
CLA PROR

SUB M S
TNZ+7305
IPROB=1

GQ FO 715

ADD H &

SUB T 5
TNI#707
IPROB=2

G0 TC 715

ADD T 5

sus P T
TNZI®706
iPROB=1

GC TC 715

ADD € T

5uB T P
TNZ#711
1PROB=4

G0 TO 715

ADD T P

SUB DET
TNZ*713
I1PRCR=1]

D0 716 K=1425

0241
0242
0243
O244
0245
0246
0247
0248
0243
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
o264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
o278
0279
0280
0281
0282
0283
0284
0285
0za6
0287
0288
0289
02%0
0291
0292
0293
G254
0295
0296
0297
0298
0299
0300

0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
031z
0313
0314
G315
0316
0317
G318
0319
0320
0321
0322
0323
0324
6325
0326
0327
03z8
0329
0330
0331
0332
0333
0334
0335
0336
0337
01338
€339
0340
0361
0342
0343
034
0345
0346
0347
0368
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
03860
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RS

716 PCP{K)=2040
I=0

1716 READ INPUT TAPE 7»718+(G(K)sK=1e5}
LF (G110 729,719,717
717 00 1717 K=1,5
IK=14K
1717 PCPIIK)I=GIK)
la145
GO TO 1716
718 FORMAT [5F1042)

DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

719 READ INPUT TAPE 73s721+EQRAT0 FoF PUTHPCaTCIKODES IDEBUG
721 FORMAT [5F1042+15416Xs11)
WRITE DRUM &4482:KODE
722 READ DRUM LDRUM319963BOXsBOF sHXsVXPLS sVXMINIHF s VFPLS 9 VFMIN
IF (EGRAT) 7254725,723
723 O F=[-EQRAT#YFMIN-VFPLS) /{VXPLS+EQGRAT®YXMIN}
F PCT=10040/11.0+0 F)
GQ TO 745
725 IF (0 F) 73147314727
727 F PCTx100¢0/11+0%0 F)
729 EQRAT=ZABSF IO F*yXPLS+VFPLS) /1O F#VXMIN+VFMIN) }
GO TO 745
731 IF (F PCT) 700:700,733
733 O Fa(100+0-F PCTI/F PCT
GO TO 729
745 IF (0 F) 71927462746
744 DO 747 I=1sl
T47 BOII1=(0 F#BOXII)I+BOFI1)) /{100 F})
IF (IPROB-1) 6513749748
748 HS5UB0=0s0
GO 1O 755
T49 HSUBQO=(0 F#MX+HF)/(1.0+0 F)
755 WRITE DRUM 4,790,0 FiF PCTHEQRAT
READ DRUM 4,789 »KASE
MRITE OQUTPUT TAPE 64760,KASEPROByO FofF PCT2EQRATPCoHSUBOY
1 (BOCIVsl=l il
760 FORMAT {1HLI5s3XsA&/1H 4E1748/(1H TEL17481)
WRITE DRUM 4+1700,N,IPROBBOX+BOFIBO
HSUBO=HSUBG/1.98726
READ DRUM LDRUM #2022 +RHOX »RHOF
READ DRUM KDRUM415768ANS
RHO=RHOX+0 F#RHOF
1€ (RHO) 77247724771
771 RHO=(140+0 F)*RHOX®RHOF /RHO
172 WRITE DRUM KDRUMs157&+ANS
TT5 IF {IFROZ} 77746514772
777 CALL PONGl4}
779 CALL PONG(2)

ERROR PRINT OUT

631 WRITE OQUTPUT TAPE 64633 4PROBWKASE

633 FORMAT (21H1THERE 15 NO PROBLEM Abs2Xe15)
50 TO 651

635 WRITE OUTPUT TAPE 64637

637 FORMAT [4THITROUBLE IN COMPILING MASTER THERMODYNRAMIC TAPE)
REWIND &

639 READ TAPE 45 (DATA{I)sl=1y23)

WRITE OUTPUT TAPE 64640 (DATA(I)a1"1423)
640 FORMAT (1M 3A642F1041//1H 2F84197E144b))

CLA DATATL)

SuB END

TN2*639

DO 641 INT=1+2

READ TAPE 44 ({COEFTIKsD)skm1015) sd=1490)
641 WRITE OUTPUT TAPE 636434 {{COEFT(KsJ)sKnlslabsJulsh}
643 FORMAT (1M 3A6y2F15,2/2FBa1s7E1244//)
651 REWIND 4

PAUSE 77777

9361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
0380
0381
0382
03812
0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0&gt
0402
0403
0404
0405
0606
0407
0408
0409
0410
041l
0412
0413
0414
0415
0416
0417
0418
0519
0420

0421
0422
0423
0424
0425
Q426
0427
0428
0429
0430
0831
¢a3z

53
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SUBROUTINE SEARCH

(132540 JEER)

COMMON C

EQUIVALENCE  (GILl)y Ciidde
EQIIVALENCE  [FORM(1)s  Ci1)3y
EQUIVALENCE  [ELMTI1)s  C(16))s
EQUIVALENCE  [DATAIL)y,  C(31)),
EQUIVALENCE  [ALL), C1a21) )y
EQUIVALENCE  [COEFTI1)s C(a21)),
EQUIVALENCE  {ANSI1)s C(a2111s
EQUIVALENCE  {HSUM, Cie24) 3y
EQUIVALENCE  (WTMOL» Cia26) ),
EQUIVALENCE  [DLMPT, Claas) )y
EQUIVALENCE (GAMMA Cls30))e
EQUIVALENCE  [YMACH, CL432) 3,
EQUIVALENCE  [VACT, Cia34dd,
EQUIVALENCE  tRHOI1, Cle3T))y
EQUIVALENCE  {RNO, Ct439))
EQUIVALENCE (T Ply Ctasords
EQUIVALENCE  (EP PI, (4TI
EQUIVALENCE (T ETA, Claasyy
EQUIVALENCE  [ETA I, Clads)),
EQUIVALENCE (AW ETA4 Cl4481)
EQUIVALENCE {515 [y C(as11)
EQUIVALENCE (AW SIGe Cl4531)
EQUIVALENCE  (EN(1)y CILT7LI0,
EQUIVALENCE  (8OX{1)s c11771))
EQUIVALENCE  (BOF(1)s CI17863 )y
EQUIVALENCE  (HX» C11801}1,
EQUIVALENCE  (VXPLS» 1160311,
EQUIVALENCE  (VFPLS, C118081)
EQUIVALENCE  (EN LN(1)s» CI1861})
EQUIVALENCE  (DEL M(l)» CI195131
ECUIVALENCE  (COEFX(1is CI1951})
EQUIVALENCE  (DX(1}, L1951,
EQUIVALENCE  (MO(1), C12061))
EQUIVALENCE  (S(11, CL21314)
EQUIVALENCE  (X(1), C122211)
EQUIVALENCE  (FORMLAIL)s C{22211)4
EQUIVALENCE  (DELTA(1)s Ci2241)),
EQUIVALENCE  [BOI1}s Ct22610) 0
EQUIVALENCE (PO, CL227813s
EQUIVALENCE  (SD» Ci2278)11s
EQJIVALENCE (T, 228001,
EQUIVALENCE  [AAY, C1228211,
EQUIVALENCE  [NCy C12284)) 4
EQUIVALENCE  IPCP(11, C12286)1,
EQUIVALENCE  (PRODI1)s  C{2311)}s
EQUIVALENCE  [DATUMI1)y C(2311)1,
EQUIVALENCE  [PCy 1231411y
EQUIVALENCE  [IPROB, Ci2316)4,
EQUIVALENCE [ IMSy Ci231811s
EQUIVALENCE  {ISYN, 1232013
EQUIVALENCE  {IDID, 12322100
EQUIVALENCE [ IDRM, C(23231)s
EQUIVALENCE (L C1232913,
EQUIVALENCE (M, L2327,
EQUIVALENCE N4 232911,
EQUIVALENCE (1014 C(233114,
EQUIVALENCE (103, C1233331,
EQUIVALENCE  (IMAT, C12338))
EQUIVALENKCE  (1ADD, C123361) s
EQUIVALENCE  (ITAPE, C123381)s
EQUIVALENCE  (IDEBUGS 1238010
OIMENSION  GI20:21)»  AI15590),
OIMENSION  DEL N($0)y HOI(90)+
OIMEXSTON  DELTAI20)» BOI1S)y
DIMEMSION  COEFX1201» DX12014
DIMENSION  ELMTI1SY)  DATA{23),
DIMENSION  BOX(1%3)+ BOF{15),
ALF 00000

ALF 00000}

AL 00000(

ALS 000006

ALF  00000S

ALF  00000L

ALF 00000+

ALF 00000~

ALF  00000E

ALF  END

DEC 10

DEC 12

X10Nw2

D0 1 K=l,L

CLA ELMTIK)

Sub E

TZE®2

CONTINUE

GO 10 3

K10Ne1

CLA ELMTIK)

LDO ELMTIL)

STQ ELMTIK)

5YO ELMTIL)

CLA Cl0

LRS 18

$T0 C10

150Le0

Mep

00 & Jelyls

0O & K=1490

COEFT(J4K) =040

DO 5 INMTwly2

WREITE TAPE |3,

REWINO 13

WRITE ORUM LDRUMs1eA
READ TAPE ITAPE,
CLA DATA(1}

Su8 END

TZE*171

IDATA{L))I=1423)

{G(a201» Cla20))
(FORM(151y CI11%})
(ELMY 1S3y C(20})
tDATA{23)y CI53))
(AL21330), Cr17704)

(COEFTI1IS01,CILTT0))

(ANSIASA)e C(874))
{55UuMy C(A25) 1
tCPy cle271y
(DLMTE, C(A29})
{ARATIOs Crasiyy
(SP MR, Cl433})
(CFy Cl436])
{RHOVAC » Cl438))
(Pl Iy Ciadl))
tAw Py Clas3))
(EP ETA Claa7))
(Y S1G, Ci{e50))
(EP SI1G)» Cis52))
(EN1901 s CL18601}
I1BOX(15)s €11785))
(30F115)y C{1800)}
[HF o 18021
(YXMING Ct18041)
[VFMIN, C118061)

(EN LNI9D)s C(1950))
IDEL Ni90)s C12040)}
ICOEFX{20)s CE19701)

IDX(20) s Ct1970)}
1HO{%0) €121301)
15190) s €12220))
1Xt20) s Ctzason

(FORMLA{18),0(2258) %
{DELTA(20)s C{2260%)

(BOL151, €2z
{HMSUBD. Ct22711)
{7 Lhy L2279y
{AAY LNy cr2281)t
{CPSUMy <2203}
17C LNy C12285})
tPCPE28), Cl23tor)
(PROD(3)» C12313))
(DATUM{3), C12313))
(TCy C1231%1)
LIFIXT, ci23i7y)
(ICOND Ct2319))
(IPROD, ct23z1)
(LORUM C12323))
(KDRUM, C123241)
(Ll €123281))
(M1, Cl2320))
{1Gy {23301
(102, C€12332))
[KMATy CE233ay)
(TUSEy Ct23238))
(1TNUMB » ez
1P C12339))
{1FROLe CLaz«1n
ERIB0) EN LN(90}
$190)s x(20)
PCPI25) 4 PROD(3}
FORMiI15) COEFTL15,90)
DATUMI3 ), FORMLA (18}
ANS(a54)y  SYSTMILS])

I(COEFTIRaJTIsKa1s15)0JTals90)

UNPACK THE BCD FORMULA FOR THE PRODUCT

00 16 I=1,2
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16

13
17

~

25
29

30
31

35

3

o

41
47

.8
1

55
57

w
°

63
&7
69
330
133

72

17

81
85

86

89

93

95
96

9

~

107

iy

10%
109

121

DATUMI1)=DATA(L)
J=1

1=}

K=0

8P

M

LDQ DATUMIT)
LGL &

STO FORMLALJ)
STQ DATUM{T}
JxJ+)
TXH®215(K) st
K=K+]

GO TO 17
TXH#254 (1)1
121+]

GC TC 13

BEGIN SEARCH FOR FIRST NON BLANK ALPHANUMERIC CHARACTER

LXD Cl2siJ)
SXO Jaid}

CLA FORMLA( L]
SuB BLK
TN2#35
TIX®#294(J)rl
WRITE QUTPUT TAPE 64312 (DATALI}yI=1+3)
FORMAT {144 THE FORMULA 3A6:334 IS INCORRECT ON THE MASTER TAPE)
TRART?

ADY BLK

sun RPN
TNZ®=30

Jal=1

CLA FORMLAL )
SUB GAS
TZE*39

ADD GAS

SUB SOL
TZE®a)

ADD SOL

sus LiQ
TZE®4l

TRA®30
1TYPE=]
TRA®&T
ITYPE=2

J=J=1

CLA FORMLALL)
SuUB LPN
THZ#20

JuJi-1

OBTAIN AND STORE THE FORMULA NUMBERS AiKy.J}

DO 48 K=14+15%

FORMIK) =040
NLSW=1
NUMB=0
ICAT=0
JONT=J=ICNT

IF TJCNT) 30181959
CLA FORMLAIJCMY)
su3 Cl10

TPL®*67

GO TO 163485) yNLSW
TCNT=ICNT+]

GO TO 57

GO TO (&9163) 1NLSW
CLA [CNT

TZE®330

IF (ICHT=2) 77273430
IF (KION-11 30+332,30
NLSwe2

GO TO 57

LDG FORMLA(J-1]
MPY (10

LLS 18

STQ NUMB

CLA FORMLA(J)

LLs 18

ADD NUMB

570 MuMe

VALUE "NUMB
JaJ~1CNT

NLSw=2

GO 1O 85

GO TO {30+485)4NLSW
CLA ICNT

TZE#30

S5T2 SYMBL

1F (NUMB) B6295486
IF (1CNT=2) 93+89,30
LDQ FORMLA(J-1)
LLS 6l

STO SYMBL

CLA SYMBL

ADD FORMLALJ)

ST0 SYMBL

GO 10 107

1F {JCNT) 30430496
CLA FORMLA[J}

SU3 PLS

TNZ®QT

FORMIL}= =~1CNT

GO TO 109

ADD PLS

SuUB MIN

TNZ®=30

FORM{L}= I1CNT

GO TO 109

DO 111 KelsL

CLA SYMBL

SUB ELMTIK)
TZE*105

CONTINUE

GO TO 7
FORMI(K ) *YALUE
J=J=1CNT

1F (J) '305121,51
IF (ITYPE-1) 30+133,137

0578
0579

0581
0582
0583

85
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133

137

1a1
145

151

18

>

16

171
173
178
177

181
182

185
lae

18

~

2158

217
219

22

225

Mep+
JaM

GO TO 141

J=90-150L
150Lx1SOL+1

READ DRUM LDRUMi1y4A
DO 147 K=lsl

ATK3J) =sFORMIK ]
CONTINUE

WRITE DRUM LDRUMs144

WRITE THERMODYMAMIC OATA ON TAPE ORDERED BY INTERVAL

17=0

CLA DATALL)

LDQ DATA(3)

5TQ DATALT)

LDO DATA(2)

STO DATALZ}

STO DATA(3)

DO 163 INT 21,2

READ TAPE I3y {ICOEFTIKaJT)sKulei5}0JT=1430}
DO 15% K=x145
COEFTIK»J)wDATAIK)
CONTINUE

DO 159 K6yl

K[T= K+IT
COEFTIK»J)=DATAIKIT)
CONT INUE

1721749

WRITE TAPE 14 U(COEFTIKsJT)oKm1915)494721,90)
CONTINUE

REWIND 13

REWIND 14

CLA 13

LDO 14

5710 1a

5T0 I3

GQ YO 7

GO TO NEXT MOLECULE

ELIMINATE GAP BETWEEN GASES AND COMDENSED PHASES

N=M+]150L

JEER=1

IF (N-90} 175,2264181

IF (1SOL} 17742244186

JEER=2

GO 1O 224

WRITE OQUTPUT TAPE 6418

2
FORMAT {45H TOO MANY REACTION PRODUCTS FOUND ON THE TAPE}

JETR=Z2

GO TO 224

0C 187 I=1,2

READ TAPE I3y ((COEFT(KsJITIsK®1415)4JT=14%0)
KK=99-1500

00 186 Jml.isOL

MIaMe)

KJuEK+)

DO 185 Kx1,15

COEFT (K sMJI=COEFTIKKJ)
CONTINUE

CONTINUE

WRITE TAPE 14, ({COEFTIKsJT)sK=14153suT21e90)
CONTINUE

REWIND 13

REWIND 14

READ DRUM LORUM,1)A
DO 219 Jal.1SOL
MM+

KKK +J

DO 217 K=1115
AlKoMI)uA(K,KIY
CONTINUE

CONTINUE

WRITE DRUM LDRUM»1sA
GO TO 225

LA 13

LoQ 14

ST0 14

STQ 11

RETURN

0705
0706

0708
0709

0761
0742

0746
0747

0752
0753
0754
0755
07586
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SUBRCUTINE B8

COMMON

EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
€QUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
£QUIVALENCE
£Q'IVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIYALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENRCE

DIMENSION
DIMENSION
DIMENSION
CIMENSION
OIMENSION
DIMENSION

TARG=1 MEANS

YPASS (JsIAR

(Gllty
(FORMIT}a
FELMTIL )
IDATALL)
[ALL)
JCOEFT(1)s
[ANST1)
[HSUM,
(WTMOL»
(DLMPTs
{GAMMA .
{VMACH
VACTy

(EN(1}e
1BOXI1Ys
{BOF{1)y
THXy
{VXPLSy
[VFPLSy
TEN LNI1Ys
(DEL N(1)y
[COEFXt1)y
(OXt11
(HOUL)»
(5410
(X{1)
{FORMLA (1)
{DELTAIL)»
1BO{1)s
(PO

(50

[Ty

[AAY

[HCy
(PCP{1Ys
(PROD(1)s
(DATUMIL) s
1PCy

{ IPROB»
{IHSy
T1SYMy
DI,
tIDRMy

Ly

(M

(N

1101

{103,
TTMAT,
{IADDY
{ITAPES
i IDEBUGY

61209211
DEL N(90O1»
DELTAL20) s
COEFXL20)
ELMT(15)
BOX{15}

TEST ONLYs

G)

CTllrhe
CTlldhy
[ARY-IRN]
Ci3ltiy
Cta2lt )y
Cia2i) )
CLe2ldde
Cre24) )y
Cla26) s
Cta2811y
Clsu301 1
Cra3zily
Cla3a) e
Ctad7)ie
C{a39))
Clasd)dy
Cla42))y
CiuesS))
Cladb) )y
Ctaug)la
Clasilys
Cts53r)
CL1T7LY
Ce1771))
Ct17886)1
C{18011)
CH1B03})
Ci1805))
C{1861)}
119510}
Cri9s1))
Cr1951)
C120411)
ci2131)1
crzz21)
s 22210
C241))
Clzz611}
122760}
Cie2re )
C122680)1
Cr22821)
Cr228a41)
CcL22861)
ce2311y)
C12311 4}
12314y
C{2316}))
Ci231811
ciz3on
ci2322)1
L2323y
Cr23251)
cr2327y)
<123291)
ci23311

€12323)1
C12335))
123360
)
)

Ct2340)

AT15490 1)+
HOI90) s
BO(151»
DX{201s
DATA(23)
BOF U151,

1ARG=2 MEANS ELIMINATE A SPECTIESs

MEANS ADD ANOTHER SPECIES

LXD Je{J)
TXL®2a{J)s35
TXL#1e(Jd}s70

Ke3
TIX*#23(J1s70

Ke2

TIXN®34 (0135
K21

IF (TARG=2)
1PROD=2

CLA PRODI(K}
LRS 355(J)
8T

TRA¥10
IPROD=1
TRA%10

CLA PRODIK}
LRS 35»(J)
LBT

TRA%6
TRA#10

6 CoM

LRS 1

com

LLS 369 1J)
$T0 PRODIK)
CLA M

suB J
TPL®=10
103=102
102=101
101216

10 =10~1
TRA#9

CLA PROD (X}
LRS 3541J)
LBT

TRA*10

COM

puwn

)

-

LRS 1

COM

LLS 3&ri)
5T0 PROD(K)

CLA M
sue J
TPL#*1C
19 =1C1
191=162
102=103
1Q3=1G3+1
9 SENSE LIGHT
10 RETURN

w1527

4

1G{a200 Cis2014
(FORM{151e Ci151})
LELMTi15)e  CH3O))
IDATA(23ry  C(53)}
[AL13500y CL1TIe Y
LCCEFT(13501,CI17701)
(ARS {456ty C{BTu})
[SSUMs Liu2oh)
(CPy Cia27))
{DLMTR, CL4291)
{ARATIO (a3l
(5P IMPy Cladyy
(CFe Cia360)
[RHOVACY cis383)
12N Ctasl))
[AN Pl Crud3h)
(EP ETA Ciub7))
(1T SI1Gy CLa501)
(EP S10» Cras2))
(EN{90)» Cr1ae60rt
(BOX{15) Ci178511
IBOF{15)s C118001)
(HF» CL1BO2))
IVXMINGY C{1BO&)}
[VFMING CL1BO&Y)
[EN LN{90)s C{1950})
(DEL N{90)s C(20=0})
(COEFX[20)s CL1970))
(DXtZ200 cr19703)
(HOL90)» Crz2130))
181901 ct22201)
(X201 ci22601)
{FORMLA{18)+C(22381))
(DELTA{ZO}s CL2260))
(BO{15)y cr2275))
{HSUBD cte2?7))
iT LNy ct2279))
TAAY LN» {12281
(CPSUMy Ci2283))
(TC LNy C12285))
tPCPI25] crzs3ion)
{PROD (3 1) CL2313))
{DATUMIAty C(2313}]
(TCe C12315h
(IFIXTs {2317y}
T ICOND» Ct2319))
L IPROD ct232in
[LDRUM, ct2323))
(KDRUMy Cr2326))
iy Cr2326))
(LN} Cr23281)
{10, €t2330))
{1G2y ct233zn
{KMAT 2334110
(IUSEs 123351}
{TTNUMP 1232711
(P C1233e))
I 1FROZs Ct2341})
EN{SO0) s IN LNISO)
50900 x120)
PCP(25) s PROD(2)
FORM(151) COEFTI15190)
DATUMI( 3]y FORMLA(18)
ANSTGa561) SYSTM(15)

1ARG=3

0757
0758
0759
0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
0770
0771
o172
0773
0774
0775
0176
0717
Q778
0779
0780
0781
0782
0783
0784
0785
0786
0787
0788
0789
0790
0791
0752
0783
0794
c795
0796
0797
0798
0799
a8go
0801
0802
0803
0804
0805
0806
0807
0808
0809
0810
0811
0812
0813
0814
0815
0816

0817
0818
0819
0820
0821
0822
0823
o824
0825
0826
0827
0828
©829
0830

0832
0833

0839
0840

0876

0877
0878
087%
0880
0881
088z
0883
Q884
0885

S7
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SUBROUTINE INPUT

COMMON €

EQUIVALENCE (ATOMIL1},Ct1111))4{ATOM{303),C(141})
EQUIVALENCE [GL1), Cildha 1616201, C(4201}
EQUIVALENCE {FORMIT )y Cildle {FORM(15)e Ct15))
EQUIVALENCE TELMT{1) Cl16) )y {ELMY(15)y Ct303)
EQUIVALENCE {DATA{L) Ct31)1e (DATA(23}y  C(53))
EQUIVALENCE tA{T)y Cla21tie (AL 6901 cr111o))
EQUIVALENCE LCOEFT{1)s Cta2)ils  (COEFT(13501:CL1770)}
EQUIVALENCE {ANS{L)y Cla211)r  [ANS1454)) CI876))
EQUIVALENCE {HSUM, Ca24130  (SSUMy C{a25))
EQUIVALENCE {WTMOL Cib28Y)s  iCPy CL627))
EQUIVALENCE (DLMPT, C(428}1y  {(DLMTR, Cia29))
EQUIVALENCE 1GAMMA , Ci(43011s  (ARATIO, Cie3l)
EQUIVALENCE {VMACH, Cl432Y 1y, (SP IMPy CTis33)y
EQUIVALENCE {VACT, Cla34)ty  (CFy Claley)
EQUIVALENCE {RHOT, CLa37)), (RHOVAC s Cl438))
EQUIVALENCE (RHOy Ct439))

EQUIVALENCE (T Pl Ci4s0) )y (PI 1y Clasely)
EQUIVALENCE (EP P11, Cluaz) )y AW Pl Ctasad)y
EQUIVALENCE (T ETA, Class))

EQUIVALENCE (ETA 1+ Claas) )y  {EP ETa, Cta47))
EQUIVALENCE LAW ETAs ClaaBlly (T SIG, 14503y
EQUIVALENCE (516G 1y Cia51))s 1EP SIGy 145244
EQUIYALENCE 1AW S1Gy Ctabd3y)

EQUIEVALENCE {ENTL)y C{1T711}s (EN(301, Ct1860)}
EQUIVALFNCE {80X{1)s CO17T7Y41s (BOX(1S), Cl1785y)
EQUIVALFNCE {BOF(1}y CI1178611, (BOFI(15]), (410
EQUIVALENCE {HX Ct18011) (HF, <t1gnz)
EQUIVALENCE {VXPLS, CL1803))s (VXMIN, C{1BOa )}
EQUIVALENCE {VFPLS, Ct18051)s (VFMIN, Ct1806) )
EQUIVALENCE (EN LN(L)s CUIBGLE) (EN LNI9O)s C{1550))
EQUIVALENCE (DEL N(lby CII9511)y (DEL N{90)s C{2040)}
EQ I VALENCE ICOEFXCLIy  CI1951) )y {COEFX(20)s C{19701}
EQUIVALENCE (12 B EN CHY951)) s {DXE20), Cr197e)t
EOUIVALENCE (HOL 11y Cl2041))s (HOI90)W 121301y
EQUIVALENCE (St1le CH2131)1s (51500 12220t
EQUIVALENCE (Xt1), TL2221))s IX(20)s 1225011
EQUIVALENCE {FORMLAIL}s CU222)1) )b (FORMLA(L1B)5C(2238]}
EQUIVALENCE TDELTALL): CU2241)1y (DELTAC200s J(22601)
EQUIVALENCE (BO{L1), Cl226110s (BO(15), 122751
EQUIVALENCE POy CL2278) 1y (HSURD 221y
EQUIVALENCE 18D CL2278)0s (T LM 22190
EQUIVALENCE [T, C(2280))s (AAY LN, cr228i1y)
EQUIVALENCE LAYy 1228211y 1CPSUM, Cr22831)
EQUIVALENCE tHCy C12284})s (TC LNs Craze5yy
EQUIVALENCE (PCP{Lts C122861)y (PCPI25Y,y 123104
EQUIVALENCE {PRODI(1)s CE23111)y (PRODI(3), ci2313)
EQUIVALENCE (DATUMILYs  CL2311))y (DATUMI3)s Ci23134))
EQUIVALENCE 18Cy Ci2314))y LTCy 12315}
EQUIVALENCE t1PROB, CH2316)hs LIFIXT, cte3rm
EQUIVALENCE [RLETY CE2318))s (ICOND Ci2319
EOUIVALENCE LISYM, C{2320))s [IPROD, Ct23z21y}
EQUIVALENCE tinip, C12322)5s (LDRUM, Ci2321)
EOUIVALENCE LIDRM, Ct2323))s (KDRUM, C1232431
EQUIVALENCE Ly Ct232511s L1y (232611
EQUIVALENCE My C123271)s (M1 12328
EQUIVALENCE Ny C1232911s 411G Crz330)}
EQUIVALENCE (101 Ci2331))s 1102 12332}
EQUIVALENCE (103, C12333))y {KMAT, C12334}
EQUIVALENCE LIMAT, C12335))y (lUSEs Ci213%)
EQUIVALENCE (1ADD, Ct23360)s LITNUMB, <(2347)
EQUIVALENCE LITAPE, Cl2338)), Py C(2339)
EQUIVALENCE ( IDEBUGH Cl2340)1y (IFROZy 2381
DIMENSION Gl20+21) EN(SO1s EN LNISC)
DIMENS | ON DEL NIS0)s HO(S0}y 51901 X201
DIMENSION DELTA(20)s B80i(15), PCP(25)y PROD{3)
DIMENSION COEFX{20)s DX(201» FORME1S]y COEFT115:90)
DIMENSTON ELMT(15), DATA(23), DATUMIZ ), FORMLA{ 18}
DIMEMSION BOXt151, BOFt15), ANS{656) SYSTM1N)

CIMENSTOR A(150461+ATOM(101+3) 1ANAME [S )y ANUM{S |

SUBROUTINE TO COMPUTE PROPELLANTS

OX

5
5

5

40

ALF Q
READ DRUM 4,485 JEAN,ATOM
IF(JEAN=222151450451
1 CALL BCREAD[ATOM{101+3)sATOM(1s1)}
0 DO 52 1x1.15
STL ELMTII}
$TZ BOX(1)
572 BOFII)
DO 52 Jslsas
2 ST All4J)
572 TOTAL
MFaQ
NO®O
MNE=O
WRITE OUTPUT TAPE 64400
0 FORMAT(8HL INPUT//}

100 READ INPUT TAPE Tola CANAME LT ) sANUM( 1 1o1x145) s PECWT sENTH,

99 WRITE OUTPUT TAPE 63402 (ANAME (1) s ANUKI L}y i=105) s PECWT sENTHIDEN,

ZDENLTEMPWETHRDENS
1 FORMAT{S(AZIFTaS)sFBa51FIe5sAlsFBaSsAlsFE,5)
IF(ANUM{1]) 99220099

2TEMP,ETHR)DENS

402 FORMAT CIX a5 tA2 o 1XaFTet 92X  sFBabs2X s F9u2)2X 3R s 2XoFBas2X,y

9

2
3

2A153%9F8.5)

DO 9 =145
TOTAL=TOTAL+ANUM(T)
TFIETHR-0X111+10s11
9 NO=NO+1

KK=NO

KK%mNO

“n=3)

GO TQ 12
1 NF=NF+1

KKaNE+15

KKK aNF

NN=32
2 D0 98 J=1,5
TF(ANUM(JI) 96497496
D0 3t 1wi,1%
[FCANAME L) =ELMTIT)) 21920021
Q0 NHUT=0
3 KTal

o

o

0686
0887
oees
0889
0890
0891
0892
0893
0854
0895
0896
08s7
0898
0899
0900
0%01
0902
09¢3
0904
0%0

0906
0907
0908
0909
0910
0911
0912
0913
0916
9915
0916
0917
0918
0919
0920
0921
0%22
0923
0924

0946

0948
0949
0950
0951
0952
0953
0954
0955
0956
0957
0958
0959
0960
0961l
0962
0963
0964
0965
0966
0967
0968
0969

0984
0983

0989
0990

0992
0993
0994
Q995
0996
0997
0998
0999
1000
1001
1002
1003
1004
1005




Wi

GRBO e N e

W

55

60 10 30
21 IF{ELMTIIN) 31422431
22 ELMT{I)=ANAME L))
NE=RE+])
NHUT=1
G0 70 33
31 CORTINUE
30 TFINHUTI16+15414
14 PO 16 I=l,101
CLA ATOM(I21)
SUB ANAME (J}
TH2Z*16
17 =1
GO 10 18
16 CONTINUE
WRITE OUTPUT TAPE 64199

199 FORMAT ([32H0 THERE IS A BAD PROPELLANT CARD}

L=-1
RETURN

18 A{NEs37)=ATOMIT1s2)
AINES38)13ATOM( 43}

15 ALKTaKKI®ARUM{J)

98 CONTINUE

97 AIKKKsNN)=ENTH
ATKKKsNN+2)mPECWT
ALKKK ) NN+6) 2DENS
ALKKK NN+10)=DEN
ALKKKsNN+12 1= TEMP
A(KKK pMN+14}=sETHR
GO TC 100

200 1F(NEI202+2012202
201 L=0

RETURN

202 JEAN=222
sT2

wX
5TZI wF
§T2 HX
5TZ HF
$T2 RHOX
STZ RHOF
572 VXPLS
5Y2 vXMIN
$72 VFPLS
STZ VFMIN
D0%52 J=1sNO
DO%52 I=lsNE
AlLJp39)mALJe39)1+ATT »37)%ALT 0 )
DO 53 JulNF
DO 53 IalWNE
AlJeh0)=A(Jpa01+ALL43T)%ALL,J+15)
00550 1m1sNO
54 HX=HX+A(I»311*A01:3317A(1,39)

~

s

-

550 WXawxeAll,33}

DOSS1 1wloNF
55 MFaHF+ALT232)RA(T924) /AT 440}

551 WFsWF+A{1s34]

572 ACX
STZ ACF
5TZ AMX
ST AMF

DO 42 1=1:NO
ACXTACX+A{ T 435 )#A(T433)/A(1,39}
AMX = AMX+A{ 1433 )/78101439%
ACX=ACX /WX
AMX zWX 7 AMX
DO 43 I=1,NF
ACF=ACF+ALT+36) %A1 4346)/AIT 140}
43 AMF=AMF4+A(1,436]/A01,440]
ACF =ACF /wF
AMF =wF / AMF
WRITE DRUM 4+1516+ACK s ACF s AMX s AMF
HXeHX /WX
HF wHF /WF
DO 60 I=x14NO
IF1A114335))602714860
RHOX=RHOX+A(1433)/A{1435}
RHOX 2 WX /RHOX
73 DO 61 T*l1sNF
IFLAL1+36))61,7146)
61 RHOF=RHOF+ALL 30 /AL1436)
RHOF aWF /RHOF
GO TO 74
71 STZ RHOX
72 STZ RHOF
T4 DO 57 1=1sNE
DO 56 J=zlsNO
56 BOX(T1=ROXII1+A(L ) JI*ALs33) /AL{J439)
57 BOX(I1)=ROX(]) /WX
0O 59 1=1sNE
DG 58 .jx14NF
58 BOF(1)=BOF{I14A(TJ+4151%A(Je34]7A1Jr40]
59 BOF(1)=ROF(T)/wF
DO 62 I=14NE
TFIAIL+38) 163162466
66 VIPLS=VXPLS+S80X[11*ALT,38)
&7 VFPLS2VFPLS+HOFIT)I®ALT,38)
GD TO 62
63 YXMIN=VXMIN4BOX(])#ATI]1438)
6& VYFMINSVFMIN«BOF (1) *AL1438)
67 CONTIANUF
WRITE DRUM LDRLM; 1996,B0XsBOF sHXsVXPLSIVXMINGHF s VFPLS»VFMIN
2 +RHOX s RHOF
PO 40 1=1+NO
A{Ts331=8(1433} /WK
DO 41 I=1sNF
A{Te34)=A(1+34)/WF
TOTAL = MODFITOTAL.1.01
IFITOTALI1L42e1143011062

“

~

&

)

4

o

4

1142 KD=1

GO0 TO 1144

13183 KD=0
1184 WRITE DRUM &s4B5, JEANLATOM

WRITE DRUM 417959 AsNFaNOSNE 4ELMT 4KD
L=NE
RETURN

59



60

»

A

EQUIVALERCE  I0(11, Cilne iGia20h Cra2c)
EQUIVALENCE (FORMILTs Cilire TFORMILISTY  CI19))
FOUIVALENCE CELMT{T}, i1kl {ELMTIIS), o130
FOUIVALFNCE  (DATA{1)s  Ci311}s  {DATAL?2)y C{57)
FOUIVALENCE  (A(1}, C442110%  (AL13501, {17701
FQUIVALENTF [COFETL) s Cha2lity  {COFFTE1IS0)4CI17734)
EODTVALENCE  (ANS(1)s CL421)1s  (ANSLARAYLs  CiRT4)
EQUIVALFNCE  (HSUM, CTUL243 )y LSSLMy C{u2s)
EQUIVALFNCE  (WTMOL, Ctaz6)yy  (rPy THanT)
FOUTVALFNCE  4DLMPT, Cla2Rhyy  (DLMTP, clarny
EQUIVALFNCE  (GAMMA, CL4301)s  (ARATIC, [ATEARN
IVALERCE  (VMACH, 43200y (SP TmB, [SEEES]
[VALERTE  (VACT, C1434thy  ICF, [SESTH
FOUTVALENCE  (RHOY, Tla37) e {RHOVACS Cia38]
TRUTVALENCE [RHD Cia39))
EOUTVALEN T Pl Cluall)e Pl Claali
EDUTVALFNCE ISP Py Clas2)ly (AW Pl Cessty
FOHUTVALFNCE (Y FTay [SETLER]
ENUIVALFNCE  {ETA 1, rlaut))e  LFP ETAy Ca4T)
FULivaLFneE PAW FTAs Clo48) )y (T S1G Craso)
FrauizivALENCE (TG [ Cle51ths  (FP SIC, Crasdy
FRutvALeRIF TEWN St Cia531t
FoifwAL FNCE LR CHITT1H)e (EN49D), CIIRRNLL
SQUIVALFNTE  (ROK{1is CHITT110a (ROXEYS)y  7(178%)
FOUTVALFNCFE TROF (1) THITRE1Y, (ROFL18), Ct1800)})
FQUTVALENCE THX CU1BO1I) e (HF, Ci18071)
FOUTVALFNCE  (viPLE, CL18C3) )y tYXAMIK, Ci16040)
FaUTval TVFPLS, CL1805) )y (VFMIN, CO1806))
f AEN LN{11s  Cr1B61)bs (FM LNI20Fs £11REN})
TVRLENCE INFL RELTe Cr19511)y (DEL NI9DYy £(204n))
IV ALENTE fOOFFXI1Ey CH195110, (CDFEXIO03, £{1970)
F2yar ENCE [ D RE] TELGIN Ny IPXI20)y TR o)
FOUTVALFRCT  cont) TIZ3YNE. Tunrnat, crrrany
FOUTyaLENeE 152871 CL21300 1y [c1any, TtEREey
SAUIVALENCE  ixi11, CU2220b e 1XI2NE, rizoent
FAUTVALENCE  (FOPMLACIYy (1222131, IFORMLA{LR )7 (723R)
EOUTVALENCE  (DFLTAC1Y,  (1234lbhs IDFLTA(PO Iy rip7en]
COUIVALENCE raprry, TI27611)s {ROU1R), 42275
FOrtvAy Ence POy CI27761 1y {HSUB0, THI2TTY
FRUTVALENCE 1504 Ci2278) 1y (T LNs TRy
EQUIVALFNCE (Ty LCIPZEO1) {AAY LMy cronaryy
FQUIVALENTE  tARY, CH228211 10PguUN, [EELEYY
FOUIVALENTE b, CI22R8% 10 (TC LNy TE208%y)
FOINTVALFY [PCP 1}y CE22B6K 11y 1DCR( 35, ci2aint g
FADTVALFNCT (2RNN11), TE22111), (PROMray T2
EOUTVALENCE  {AATUMII . C423111), (RATIMIAY,  ©i23]4)
SQUIVALENCE  (PCy TEi31413s e
FAUTVALENCE  (1PROfA, Cez21610 c1FITy
EDUTVALFNCE 1145, Tt721810, C12319)
EQUIVALENCE 232011 (IPROD, Tt2321))
EQUIVALENCE Ce23221) s (LDRUM,y C12324y)
EQUIVALENCE CL2323) )y [KDRUYY ISR
ECUTVALENCF Cr2azsyee (L1a IS EALETS]
EQUIVALENCF 123273 by 11, cipane)
EOUIVALFNCE 1232951, (17, crpaant
FOUTVALENSF T30 E, D02 rirarg
FOUTVALFNCE 121331, temaT, SRR
EQUIVALENCS  [1MAT, C12335)1)s 11yse, £123357)
FOLITVALENCE 1 1AD CU2R3610, (TTNUMR, RS S
EQUIVALENCF rrTape {1233810s (P £e23391)
EQUIVALENCE ITOFRLIG T12380)1e (IFRTZ TPy
DIMENSION Gi209210 Al1S5490t, ENISOY FH LNISOH
DIMFNSION NEL N(SMby =GOS0 S490 1 20y
DIMERSION  DELTA(200, 80 (100 poeyRey, PROL T
DIMENSION COFFXL2M),  DXI2( 1 FORMULS ] COFFTIIEwR0)
ODIMFNSTON ELMTirE ), NATAL2R, NATLMIAY Framiarie)
DIMENSTON RAX (18], ANFI18T. ANSILBL Y, SYSTH(Y®
M ALF
Gas aLs anennG
8Lk sLF  anpor
REWIND 1
NO FO=0
TTEST=M]
SITF=1R,%
D85 IF {1PROA-1) 5574563,565
557 D020 /164A06004
PozoC
IF (T} 659,550,561
569 TC LN= 8,08
GO TD 431
561 FC LN=LOGF [T/}
GO FO 43}
563 PosPC
GO T2 431
6% T=T0
en=fiyr
T LM=LOGF(T)
START CALCULATION FOR NEw OVERALL COMPOSITION
w31 1ADD=1
TF [TFROZY  167314379,1427
1631 READ DRUM 444794 USE
IF LTUSF) 143241432,433
1432 0O 4317 KulaN
ENIKI=0.0
FN LN =0,0
437 DFL N1K)=0.0
AAY {Nz8,0
471 SENSF LIGNT o
IF (IPROR-2) 438,648,434
474 1F {[PROA-4L) 456,465,370
435 IF (LARP=1} 379,43k k4]
436 SENSF LIGHT 1
437 T LN=TC LN
1TROT=
428 IF [PCPITADDI) 723142714420
439 SENSE LIGHT &
P0=PC/PIOLIADDY
60 TO 13
“4) IF {1ADD=25) 578,438,231
465 IF (TAND-11 379,447,441
44T SENSF LIGNT 2

MATN PROGRAM Twn

COMMON €

GO TO 437




A

A

M

It
S
5a

21

a7
1R

4

b

“?

o

“5
46

47
48

49
1

»

56
57

G8 HOL D=l T T(COFETEI2y 1 /8an ) #TACIFFTE 1y 7 aaMI ATHCOEETEI0, 43/ 240047

a9

¢
)

&

Q1r
911
912
a0
81
a1

RS

a

~

91

98

97

3%
101

FIANRSDR] BLG, LTy T
TREBITATITT 23], 201 g ben
PrE(1ADT
LN= LO0FIT
TT LT
IF [TADN=25 1 ofQy4hTe23]
IF (BCPITAARIT 23142314470

PORCPIIAPDY
SENSF LInRT 2
SENGSE LI1GFT &

REGIN CALCULATIONS FOR CHIRPFNT 2AENT
CHFCK TFMPERATHRE RANGF OF THERMANYNAYIC DATA

READ DRiM KDPUMy 1, CFFT

PO LN=LOGE (PO)

IF {IPROP-21 17517419

T=EXPFIT LNt

[F JEREFTET1=T1 21a77427

TE [7OFETITal1-5000401 7347142%]
RACYCPACE TTASF

RACKSPACE [TAPF

REAN TAPF TTAPF, [ {COFFTHE, T 1aK=1915 0002100}
WRITF NRLIM KNRiM, 1y FFT

SFNSF LIGHT &

GooTR 19

YFrT-rOrFTIARYYY 29, 3TaR7

TF 030, 0-COFFT (A 111 254314231
TE (ENEE LIOnT 43 280305

CLIMINATE THOSF SPFTISS WHICH NG NOT WAYF [tATa

16 LCFMSE LIGMT 4 ) 283147
SENGE LIAHY 4
nnoan

"N
TF GCOFFTLRIIT 4De39vs
TALL PYBASS tUeD)

CONTINUE

REGIN TTFRATION FOK COMODS]ITINN

=10
Mm=101
192=107
101=123
TTHUM
00 4R
CALL PYPASS {Jsl}

LF [TPROD=71 4R 545449

TF TER LNKIJF+STZE-PO LNt dbeikbea?
ENLII=0.0
nooTO 48
FNT Y =EXPEIEN LRISY)
CONT IRLE

LE ([PRAP=T) 49,4Q,81
T=F¥PTLT LK)
AAYZFXPE(AAY LN)

PEAN NRLM KRRLMe Y COEFT

CALCULATE HFAT CAPACETY, ENTHALPY ARD ENTROPY

TEixT=a
TF (SENEF LIGHT 21 582,55
SENSF LIGHT 7

1€ (SFRSF LIGHT &) £3,8%
SENGF L16HT 4
TFIXT=1

TF (1TRIMR=30] 85454,56
1F1xT=7
nen
10N
RYPASS 1 Uyl

TF {IPRAN=2] KNeSE60

TF [IFIXT=2) 50,5857
CPSUM=CPSUM+ ((((CDEET(1D
19 JHP#T+INFET IR} #ENT

L+COFFTIQydt /7 anleT 40AFFT 13, 11/ T4COFFT a1}

stdr=trt
IVCCFFTIS, J) I *T+HUOFFTIBy 11 ey [NelNEFT 14y ")
CONT[NLIE

N

CONSTRUCT MATRIX AND SCLVE THE EQUATIONS

READ DRUM LDRUM»1yA

CALL MATRIX

[F (SENSF LIGHT @) 614171

SENSF LIGHT &

CALL 6aNSS (157€)

IF CInFaua) LI

N1l I=1,1MaT

WRITE ONTPUT TAPE &£4912»[GILak P ak=1akMATLaDELT
WRITE OUTPLIT YAPE £,912, (X[ 1) al=yMeT!
FORMAT (A 14,6

IF (IDID-TMAT] B14R5,81

1F IS12E=-1Ba51 A34824711

S17F=2Tey

6O TO 41

ITNUMA= t TNUMA=1

N0 RT K=1,1vAT

TF 1ARSE(DFLTALK I} =Ny 6F =41 BT4BTHA1S
CONTINIE

ORTAIN CORRECTIONS TO THE FSTIMATES

O LN T=X{1G2)

TE TIFIXT=Z) 931954378

D LN T=0.0

roo1m WM

CALL RYPASS [Jalt

IF (IPROD=Z) 96437490

DEL N(JI=0«0

GO TO 101

OFL NEJY=HALIIAD LK T=Hnl 14810
OC 99 K=lsi

DEL N(J)=OEL NEII+ALK, ) eX1K)
CONTINUE

IF (L-101 102,109,109

IN THIS

JYRTHCOFFTI11s JHI¥THCOFFT (100 18T #70FFT L

OFFTI12, 03/ aal 10T+00EFT{11s ) /2eCIRTHIOFFTIIN 11/ 2,0)87

LN

Attt

61



62

“wiamn

A

AN A

AnANn

pwa

Ananan AAAA

hernann

913
e

1915
1917

917

ne
1110
920
921

923

IR R}
iz

ns
nr
121

122
1122

123

124
125
1174

1126

127
128
129

1129
1130
120
132
133

143
28%
208
1a4
168

146
187

148
la9
150
151

153

154

J=md

DO 107 K2L1a1Q

CALL BYPASS (Jsl}

IF (IPROD-2) 10541065105

DEL NtJiz0.0

Jriey

GO TO 104

OFL NtJi=XiK)

Jrie]

CONTINUE

AMBDA=1,0

AMBDAL=1.0

CLA D LN T

S5P

SBM X[101)

TPL*®13

SUM=ARSFIX(1Q1))

GO TO 919

SUM=ARSF (D LN T)

00 917 JrloM

1F LEN(D)) 91741915,916

SUMaMAXIF (DEL N{J}eSUM)

GO TO 917

IF (DEL N(J}) 9174917,1917

SUM1=ARSF( (PO LN=92212=EN LN[J)I/DEL N{J})

AMADALxMINIF ( SUM1,AMBDAL )

CONTINQE

TF suM=2,0]1 1110411104110

AMANA=? . N/SLM

AMRDA=MINTF LAMBDA + AMRDA1 )

IF (IDERUG) 9215111,721

READ DRUM KDRUMy14sCOEFT

WRITE OUTPUT TAPE 64923s ToPsAAYs AMBOAs ({COEFT(K,J)sK=123)4
EMIJIIEN LNTJISDEL NEJ)oHOTJI oSt ) sdnl N}

FORMAT [4E2548/11%s74645E1546)

APPLY CORRECTIONS T THE ESTIMATES

DY JrleM

EN LRIIN=EN LN SAMBOARNEL N(J)
IF [ICONP=2) 11541214378

D0 117 JeMl N
ENUJY2ENT D) *AMBDASDEL N{ U1
T LN=T LN *AMRDASD (N T

AAY LNzAAY LN- AMBOA*X(IQ])
TF {SENSE SWITCH &) 1224124
TF {IDFAUG) 1122417741122
10FRUGED

GO T 21

IDERNG=]

TEST FOR CONVERGENCE OF [TFRATION

TF (TTNUMRY 125,132,125

1F (AMANA=1.0} 41411264231

Px0.0

DO 1126 J=l4%

PaP+EXPFIEN LNLJ))

LF [ARSF([P0~P)/PO)-0.5F-51 1264126047
Sym=p

TFCICONN=2)1127,4179,376
0O 128 J=M14N

SUM=SHIMEARSF [FRIJ))

DO 130 JsieN

IF (J=M1 11294112%41130

IF (ARSFIENTJI®DEL N{J)/SUMI-005E~5] 1300130443
IF LABSFIDEL NIJI/SUMI=0,5F~51 130,13043
CONTINULE

LF ISENSF LIGHT 471 1314132

60 TC 117

FLIMINATE THOSE SPECIES WITH NO DATA AT THIS TEMPERATURF, ADD
THOSE WiTH DATA AT THIS TEMPFRATURF

DO 170 Jxl.N

CLA COFFTI1, 0

SUR MT

TAZ#170

[F ICOEFTI54J1+100.0-T1 285,143,163
IF (T~COEFTI45014100,0) 29541440104
IF 1500040-COEFTI8sJ)}1 1akslsssdn0)
IF {COEFT(4yJ}~300.01 14411445302
IF (J=M) 145s1a5,166

CALL RYPASS {431

GO 10 170

CALL RYPASS (J4v2)

ENLI =00

EN LN(J)E040

NFL N{JIE0,0

GO TO 170

IF {ENUJHY) 14741484170

EN1120.0

OFL N{J)=040

CALL BYPASS [J42)

GO TO 42

SKIP CONDENSATION CHECK IF Y 1S HIGHER THAN MELTING POINT WHEN
TESTING S0LIDs OR LDWER THAN MELTING POINT WHEN TESTING LIGUID

IF (COEFTIas))-COEFTISe =111 150+14941%0
IF (COFFT{6y)=T) 15341579170
IF (COFFTIS,J)-COFFTtas a1y 153,151,152
TF (T-COEFT{54J)) 1534151417¢

CHECK FOR CONDENSATION
IF MORE THAN ONE CONDENSED PHASE OF ANY SPEZIES CAN EXIST THE

PHASE STABLE AT THE HIGHER TEMPERATURE MUST PRECEED THAT STARLF AT

THE LOWER TEMPERATURE ON MASTER TAPE

DO 155 K=2,23
SUM2COFFTIKs )
DO 184 [wleb
LDQ Sum

[q2]

55P

LGL &

5TG sum

SUB ALK
TIE®1B6
CONTINUE

1361
1362
1363
1364
1365
1166
1367
1368
1369

1371
1372

1421

1423
1424
1425
1426
1627
1428
1629
1430
1431
1432
1433
1634
1435
1436
1437
1418
1439
1440
1641
1442
1643
164s
1445
1446
1447
1848
1469
1450
1481
1452
1453
1454
1455
1856
1687
1458
1459
1460
1461
1662
1463
1466
1465
1466
1467
146k
1469
1470
14
1472
1473
1474
1475
1476
1477
1478
1479
1480




BPPPNDDADDBADDAD S

[LRT VRV

R YaYs)

158

159

164

179

1171

~ee

nAan

121
183

180
185

186
187

188

192
193

CONT [ANLIE
:

1=4

GO TO 159
I=1-2

TF (1) 1574158,159

k=2

=5

60 TO 159

k=2

126

FORM{2)=COEFTI?4J)
FORM{3]=COFFTI34J)
T=p+]

Jd=a2~]

LXD tarn)

LXD JdatJd)

LDQ FORMIK)

4]

SSP

LGL 36stJd)

SLW SUM

LGL 6

cLm

ADD GAS

LGL 360t 1)

SLW SLMY

LDO SuMl

LGL 364030}

CAL SuM

LGL 42 (1)

SLW FORMIX)

DO 160 KrlyM

CLA FORMIZ)

SUR COFFTI2,K}
TNZ®160

CL& FNRMI3)

SUR FNFFTi%,K0
TZF*162

CONTINUE

CALL RYPASS (Js3)
GO TO 170

CALL BYPASS (Ks1)
IF {IPROD=21 1705163417

HOL )=t LI(COEFT (129 0)/Ra0 )} BT+COEFT(119J)/4e0)BT+COEFT{100J3/3.0018T
FCOFFTION)/2.01%T +COEFTI1Y4 )} 7 T4COFFT LRSS}
SIM=TITICOEFTII2400/4eD IBTCOFFTII10d} /30D RT4COEFTII00 41 /2,017

FCOFFTIONS) I#THCOEFTIB I ®T LNSCOFF T 140 1)
TF [HOLJ)=SJr=HOIK)+SHK)] 16491664170
CALL RYPASS (Js3)

EN(J)=n0

GO0 TN &2

TONTTINUE

TF COMPOSITION HAS BEEN CORRECTLY DETERMINED CALCULATE TuE
EQUILIBRIUM PROPERTIESs OTHERWISE CONTINUE [TERATION

TF ISENSE LIGHT &) 117141177
SERSF LIGHT &
GO TO W2

IF LETNUMBY 424971442

WRITE QUTPUT TAPE 6,9771+1ADD

FORMAT (7OHL3D ITERATIONS DID NGT SATISFY CONVERGENCE REQUIREMENTS
FOR THE POINT 15)

GO YO &2

CALZULATE EQUILIBRIUM PROPFRTIES

READ ORUM KORUM,1STHIANS
WTMOLEARY /D

HSUM=G 10241011 #T/AAY
55UM=N.0

00 1813 J=1leN

CALL AYPASS (241}

IF {1PROD-2} 183,181+187
SSUMESSUMS ST J) RENL )
CONTINUF

SSUMESSLIM/ARY

IMAT=1MAT=-]

FALL GANSS [1576)

IF rIDID=1MAT) 17241764172
CPR=CPSUM/AAY
GAMMA=CBPR/[CPR=t140/WTHMOL ) }
DLMTP=0.4

DLMPT=0,0

GO TO 18%

DLMTe=X(IC1]

IF (ARSF{DLMTP|=27.5} 1174311744172
CPR=G(1Q2+1021

0O 175 JelsiQl
CPR=CPP=GIT1Q2sJ1*X{JY
CPR=CPR/ASY

TMAT=IMAT-1

CALL GAUSS (1576)

DO 179 Jm=lsl
DLMPYaDLMPTHG{T10)+J)#X{ J)
DLMPY={P-DLMPT}/DLMPT

IF 1OLMPT-2745) 1804180+172
GAMMA=1.0/{1404DLMPT=1{1.0~DLMTPI##2}/ (CPRAWTMOL) Y
IF [GAMMA) 17241724185

IF IIPROR=2} 1R641B6+207

IF (1ARD=7) 18741914157
WTMOL € =WTMOL

TC=T

PCxP

HC=HSUM

S0eSSUM

T P1=-DLMTP/IWTMOL#*CPR)

T ETA=1000.0/(CPRSTC#1.98726)
T SIG®={1.0-DLMTP}/(WTMOL#CPR)
GO TO 207

CHECK FOR CONVERGENCE AT THROAT

DHSTARSHC-HSUM - (GAMMART /(2.0%WTMOL)}

1F [ARSF{DMSTAR/ (HC-HSUM) 1=0,4E=4) 197,197,192
IFLTTROT) 19391974192

PCPI212PCPI2) /(1404240 DHSTARSWTIMOL/ (T2 (GAMMA+]1401) )
PO=PC/PCPIIADD)

I7ROT=TROT-1

1481
lap7
1482
1686
1485
1486
1487
1488
1489
1490
1491
1492
1492
1694
1405
1496
1497
1498
1499
1500
1501
1502
1507
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1575
1526
1527
15728
1529
15710
1531

1532
1533
1534
153%
1536
1837
1538
1539
1440

154]
1542

1543

1544

1545

1566
1587
1548

1549

1550

1551

1552

1553

1554

1555

1556
1557
1558
1859
1560
1561

1562
1563
1564
1565
1564
1567
1568
1549
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581

1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
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LF TIDERUG) 92941944929
929 WRITE QUTPUT TAPE £,9234DHSTARYHC1HSUMIPCPITADD }
194 SENSE LIGHT &

GO 1O 13

CALCULATE PERFORMANCE PARAMETFRS

197 SP [MPx204.9R*SORTF | MO =HSUM | #]1,987266~3
RHOT=RHO#SP [MP
SUMST/(2.0% [HC-HSUM )
PL 12SUMP{WTMOL~WTMOLC ) /(W TMOL %W THOLC )
ETA TaSUMRITC=T)/{TCHT»1,987261%1000,0
SIG I=SUM/WTMOL
T PL=i((WTMOLC~WTMOL ) /WTMOLCI~DLMTP 1/ (WTHOL #CPR)
T ETAZ10GN.0/ICPR®TC#1,98726])
T SIG==(1.0~DLMTP) /{WTHOL#CPR]
AW=186,4579%T 1/ (AAYR14,696006%50 WP}
AW PIz= [{140-DLMTP)/(WTMOLCFCPRI+10/GAMMASPT T}
AW FTAzT FTA{1.0-DLMTP)-ETA |
AW SI1G=1.0/GAMMA-SIG ]
TF 1TADD=2) 20752015202
201 AWT=AW
CSTAR=324174%PC 140696006 %ANT
CSTRPIz140+aW I
STR ETA=AW ETA
STR S1G2040
AWT Pl=Aw PI
AWT ETAzAW ETA
AW SI1G=0.N
203 (F=32.17445P [MP/CSTAR
ARATIO=AW/AWT
VACT=SP [MP+P#14,696006% AW
RHOVAC =RHO*VACT
VMACHaSP IMP/SQRTF(86:45T9#GAMMART /WTMOL )
EP Pl=AW Pl1-AWT PI
EP FTAzAw ETA-AWT FTA
EP S1G=AW SIG
SUMe],9B726
SUME1,QB726
CP=CPR*1.98726

ORTAIN COMPOSITION [N MOLF FRACTIONS

SuM=D
IF {ICOND=2) 2094211375
209 DO 211 JsM1WN
211 SUMaSUMSEN{J}
713 DO 218 JalsN
215 ANSI&®J+341uENTD) /SUM
IF LIPROR-2) 2174217422
217 ANS{1)=PCP{IADD}
218 1F {IADPD=2) 22092194219
219 ANST15)aCSTAR
ANS[24)aCSTRPT
ANS{29)%STR ETA
ANS(34)mSTR SIG
270 ANS{Z)=P
ANS(3)=T
X=AQe4 N

PRINT OUT THE CALCULATED ANSWERS

IF (INFRUG! 12214222+1221
1221 WRITE OUTSUT TAPE 6,221+ {ANSIT)eIx=14¥]
221 FORMAT (1M ////5E20.8/5F2048/520,8/4F20.8/5F2048/5E2048/5F20.8///
T (ATXeNRGIFRLST))
GO TO 2221
222 WRITE TAPE 34 [ANS(I)s Ixle454
NO FQ=ND £D+1
2223 IF (1ADD=2t 22342254225
223 IF (1PROB-21 2262127451271
224 IF (IFROZ) 12230122401224
1226 PCPL2)=L(GAMMA+] 01 /2401 % {GAMMA/ (GAMMA=]40) 1
T LN=T LN+LOGF(240/(GAMMA+T4D )}
1223 WRITE DRUM 4311aNS
225 1ADD=1ADN+]
60 10 433

231 I1F (NO FQ} 374,378,127

1271 WRITF NRUM 44793,M0 EQ
1F (IFROZY 23243794235

232 IF (1aDPD=21 378,233,378

233 IF (IDEBUG) 3782234,378

234 CALL PONMGI&}

235 IF (IPROR-2) 237423174739

237 CALL PONGIA)

239 WRITE TAPE 44Gi1)a1=122%61}
CALL PONGIS)

FRRENR PRINT OUT

3N WAITE OQUTPUT TAPF 65306+T+1ADD
306 FORMAT (17HLTHE TEMPERATURESE1Zs4s34M Ky 1S OUT OF RANGE FOR THE P
1I0INT 15)
IF (6000.0-T) 309»307,307
307 IF {T-200.0} 1309:308,308
308 GO TO 142
1309 IF {1ADD=-11 309»1310:30¢
1310 1F (IPROR=21 1311,309+30°
1311 IF (ITFST-NT 1312,1312430%
1312 NO 1311 J=ITFSTHN
CALL BYPASS({Js1)
1F (1PRON-21 131551212,41313
1313 CONTINUE
G0 TO 3ng
1315 ITESTaJ+)
CALL RYPASS(U»3)
GO TO 55%
309 1ADM=25
TF (SENSE LIGHT &) 42442
311 WRITE OUTPUT TAPE 64312+IMAT,IDID
312 FORMAT (/15HITRIED TO SOLVE 12+22H EQUATIONSy ELIMINATED 13}
GO TO 375
315 WRITE QUTPUT TAPE 623164
316 FORMAT (/6THIRESIDUALS FROM SUBROUTINE GAUSS EXCEED D.5E-4)
375 IF (INFRUG) 23143774231
377 IDEAUG=]
1F (1PROB-3) 1377:555,455
1377 PCsPL*144696006

s

GG TO 555

378 WRITE TAPE 34 (G(Iielnle2341}
BACKSPACE 13
CALL PONG(1)

1615
1616

1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1661
1642
1643
1644
1645
1666
1667
1648
1649
1650
1651
1852
1653
1654
1659
1656
1657
1658
1659
1660

1661
1662
16613
1664
1665
1666
1667
1648
1669
1870
1671
1672
1673
1876
1675
1676
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Il
MAX
T0R

rwn

L3

REWIND &
PAUSE 77777
SUAROUTINE GAUSS (IwRD)

SUBROUTINE GAUSS SOLVES ANY LINEAR SET OF UP TO

BY ITERATION If NECESSARY

COMMON C

EQUIVALENCE 161y Cilrre (G{a201ty
EQUIVALENCE {FORM{1}y Cilhly (FORM(151s
EQUIVALENMCE (ELMT (1} Ci16}1y {ELMT {150y
EQUIVALENCE (DATATL)S i3l {DATA(23}y
EQUIVALENCE (IR E] Clazliis (Al135C)y
EGUIVALENCE TCOEFTIL Cle2l)de (COEFT{1350)
EQUIVALENCE (ANST1}y Clu2l))e  {ANSLG5G) .
ECUIVALENCE THSUM, Claza))s  {SS5UMy
EQUIVALFNCE (WTMOL « Cla26))y  {CPy
EQUIVALENCE [OLMPT, Clu2B) )y [OLMTPy
EQUIVALENCE [GAMMA y C16301 )y [ARAT1O,
EQUIVALENCE (VMACH C1e32))s ISP IMPy
EQUIVALENCE tYACT, Crada)ds ICFy
EQUIVALENCE (RHC1» Cre37)a [RHROVAC Y
EQOUIVALENCE (RHC» Cra39))

EQUIVALENCE iT Pl ClasC) )y (PL 1y
EQUIVALENCE tEP P1y Ctaa2) s (AW Pl
EGUIVALENCE iT ETA. Ctuas))

EQUIVALENCE {ETA Iv Cloaab)ly (EP ETA,
EQUIVALENCE (AW ETA, C(44811, (T SIGs
EGUIVALFENCE (S1G I L1851 (EP SIGy
EQUIVALENCE (AW SIG» Cla52))

EQUINALENCE {ENTL )y CI1TT1Viy (EN{SO)S
EQUIVALENCE fBOX{thy Ct1771)Ys (BOK[15}s
EQUIVALENCE (BOFLLhs Ct17B61)s (BOFI15)
EQUIVALENCE fHXy CU1BOL1IYs (HFy
EQUIVALENCE [VXPLSs CIIBD3))y LVXMINS
ECUIVALENCE IVFPLSs C11805) 1y IVFMING
EQUIVALENCE TEN LN{1)s CI1B61)Fy TEN LN{S0)s
EQUIVALENCE [DEL N1}y CI1951)bs (DEL NISO)s
ENUIVALENCE (COEFXE1Yy  CL1951) ) (COEFXI20)y
EQUIVALENCE (OXt1ts Cr1951) )y (DXUZ0y
EQUIVALENCE (HOt] Yy CL20411) (HOCIN)
EQUIVALENCE (St CL213113 (5090
EQUIVALENCE AX41Yy Ct22211 1 AX4201s
ECUIVALENCE A{FGRMLAI L)y Clz22111s (FORMLA{IR)
EQUIVALENCE IDELTAIL)s  C422610010 (DELTAC20)s
EQUIVALENCE {B0{1) s Ci2261107 (HOI1S51y
EQUIVALENCE POy Ci2278%1s (HSUBQs
EGUIVALENCE (SO Ct227811s 4T LNy
EGQUIVALENCE {7 1228000 LARY LKy
EQUIVALENIE TAAY Yy Ct228211s (CPSUMS
EQUIVALENTE THCy Cl2284) )y (TC LN
EQUIVALENCE fPCPIY Y Ci22B6hbs {PCPI25 )y
FCOTIVALENCF TPRCDIL ) C1231111s [PROD{2 )
EQUIVALENCE ICATUMIL) s  CE23110 0 [DATUMIZ),
EQUIVALENCE Py Crz3tadry {7Cy
EQUIVALFNCE LiPROH Cr2316) s (IFIXT)
EQUIVALENCE {1HS Ct23181)s ¢(ICONDY
EGUIVALENCE 115YM,y C423201), (1PROD
EQUIVALENCE 1IDIDe £1232211s {LDRUM,
EQUIVALENCE 11CRM,y C123221)s (KDRUMy
EQUIVALENCE (Ls Ciz3251te L1y
EQUTVALFNCE My CL2327 40 1M1y
EQUIVALENCE Ny CL23293 1 (10
EQUIVALENCE i10Ly Ct2331) ) (102
ECIIVALENCE 11a3 C12333)), (XMAT,
EQU[VALENCE TIMAT, C{2335)0 s {IUSES
EQUIVALENCE L1ADD, Ci2336)1 s [ITNUMB.
EQUIVALENCE [ETAPY CI12338) 1y (Fa
EQUIVALENCE CIDEBUGS Cr23640)bs (LFRGZW
DIMENSTON G202l AC15990) s ENI9CI»
DIMENSION DEL NEGUIs HOU90) s 51901
DIMENSION DELTA{2Gts RO(151s PCPE25)
DIMENSTON COEFX{2Cts DXL2014 FORMU151y
DIMENSION ELMT{15}, NATALZ3) W TATUM(3 1
OIMENSION  BOX(15}s AOF 1151, ANS (4541,
DEC 1

DEC &

DEC 128

SYZ 1010

CLA 1USE

TZE#80

ADD 11

STO TUSEL

DO 1 Kw 1, JUSE

572 XtK)

STZ DELTA{K)

CONTINUE

ITERA= ©

KAPUT=1

CLM

CoM

SsP

STO OSUMY

TWENTY EGUATIONRS»

14201
L1541
13013
cis3y
(17704}
$CILTI0HY
c(8ray)
Ciaz5))
Cla2?))
{429
[STESN
cta3sy)
i3l
Ct4381)

Cle4l))
Crbudy)

Clea?))
CLas03)
ctus2n

C1186011
Cr178511
Ct18000 4
Ct18021)
C{1BO&a})
CL1BO6)Y
Ci1950)1
1204040
CI19704)
Cire7o))
crziign
Crazachy
C12240))
Crz23s))
c(22601)
ct22751]
c12217H1
(227911
Ci22811)
C122833)
ct2285)}
ci2310))
ci2314)}
€233
{23154
Cie3rTht
[APESCAR]
23211
1232311
123241
Ct232611
C123281t
1233011
Ci23321)
C233a))
Ct2335))
Ct2337)}
Ci2339)1)
Cr23u1}

EN LN130}
xr20)
PRODI3)
COEFT(15490)
FORMLAL18)
SYSTM(E15)

SAVE MATRIX ON DRUM IDRM BEGINNING AT LOCATICN IWRD

WRITE ORUM IDRM, IWRDs G

TO0%*3
TOV*s
DY
HOP

BESIN ELIMINATION OF NNTH VARIABLE

DO 46 NN=1l, JUSE
CLA NN

SUB 1USE

TNZ =2

CLA GUMMNINNG
TZE#23

TRA®31

SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW

DO 18 1=NNjy 1USE

CLA Giled}

1724
1725
1728
1727
1728
1729
1730
1721
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
17086
1747
1748
17485
1750
1751
1752
1753
1794
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
17686
1767
1768
1769
1770
1771
1772
1772
1774
1774
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
179¢
1791
1792
1793
1764
1795
1796
1797
1798
17599
1800
1801
1802
1803
1804
18095
1806
1807

1809
1810
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23

30

134
35
&

&0

44
45
L}

A

S

TZEw 14

$T2 COEFXtI)
Je Jel

CLA 1USEl
SUB J
TMi®12

CLA Giled)
58P

LRS 15

ADM COEFX(1)
TLO®1O

STQ COEFX(I)
TRA#)0

CLA COEFX{I)
FDP GIT,NNI
TOO®101

tLs as

557

TRA®IG
Tove103

CLM

LLS 26

s<P

SuUB 1CR
TMI®1e

55P

STO COEFX(I}
TOVR18
CONTINUE

SEARCH FOR ROW WITH THE MINIMUM MAXIMUM COEFFICIENT

am
Com
ssp
STO TEMP
STz 1
DO 22 J=NN, TUSE
CLA TEMP
LOQ COEFXLJ)
TLO*21
GO 1O 22
STQ TEMP
1=y
CONTINUE
LA L
TN2Z®28
CLA NN
508 11
$T0 101D
TRA*80

INDEX 1 LOCATES EQUATION TO 8E USED FOR ELIMINATING THE NTH

VARTABLE FROM THE REMAINING FQUATIONS

INTERCHANGE EQUATIONS [ AND NN

CLA NN

SuB I

TZE*31

DO 30 U= NNy [USEL
CLA Gils )

LDO GINN»J)

STQ GtivJ)

STO GINN,J)

CONT INUE

OIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND EL IMINATE THE NTH

VARIABLE FROM THE REMAINING EQUATIONS

Kz NN+j

DO 36  J=K, 1uUsE]
CLA GUNNe )
FOP GINMyNNY
TQD*34

STQ G{NNsJ}
TRA#3S
TOV#134

LM

LLS 26

SsP

SUB 10R
TMi#23

STZ GIANNJ)
TOV#36
CONTINUE
CLA Kk

SUB TUSEL
TZE*46

DO A5 1=K, USE
DO a4 J=Ke JUSEL
LDQ GINNsJ)
FMP GIToRNI
TOVesZ

CHs

FAD G{lsJ}
STO G(14J)
TQO=A4
TRA®S4
TOO#43

G0 1O 23
LRS 1

PaT

TRA#23

CONT JNUE
CONT INUE
CONTINUE

BACKSOLVE FOR THE VARIABLES

CLA TUSE

ST0 IDID

LXD TUSEs (K}
SXD XsiK)

Jm kw1

5TZ 5umM

1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
14959
1856
1857
1858
1859
1860
1861
1862
18673
1864
1865
1886
1887
1868
1869
1870
1871
1872
1873
1874
1a75
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
188%
1890
1891
1892
1893
1894
1895
1896
1897
1498
1895
190¢
1901
1902
1903

1904
1905
1906
1907
1906
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1926
1925
1826
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
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Crene

48

50
51

56

60
62
b&

66
68

7

~

T4

7

I

76
78

CLA lUSE

DO 50 1= 4» IUSE

SUMz SUM 4 GIKs11#DX(1)
CONTINUE

DX(K)= GiKyTUSEL}=SUM
X(K)=X{K)+DX (K}

TIX®47 » (K)e 1

READ DRUM IDRM:IWRDy G

CALCULATE RESIDUALS [DFLTA RIGHT HAND SIDE)

STZ DSUM

DO &4 1mislUSE

STZ suM

00 56 Jw1sIUSE
SUMaSUM+GI T+ J) #X (4}

CONTINUE
DELTAIT)=G(I4IUSEL}=5UM

IF (ABSF{G(TsTUSEL) 1-1s0) 6246248
DELTALTI=DELTALL}/GIIsIUSEL)
DSUM=ABSF(DELTALT) )+D5UM
CONTINUE

GO TO (66¢B0)+XAPUT

IF (DSUM-DSUML) 74280468
KAPUT=2

DO 72 K=1,1USE
X(K)=X(K)=DX(K}

GO TO 52

DSUM1=DSUM

CLA ITERA

ADD 11

S5T0 ITERA

SUB MAX

TZE*B0

00 78 I=1sJUSE

IF {ABSFIG{T+IUSELN)~-140}) T5+75,76
GUIsJUSEL)=DELTAIT)

G0 TO T8
GI{1,1USE1}=DELTA{TI#5{14TUSE]L)
CONTINUE

GO TO 2

RETURN

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
199%
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
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SUBROUTINE MATRIX 2008

2009

2010

COMMON C 2011
EQUIVALENCE (Gl iy 161420}y Cluzoyy 2012
EQUIVALENCE  (FORM(1}e  CI11)y (FORM(15}s  C{151) 2013
EQUIVALENCE  (ELMT(lls  C(16))s  (ELMTI15}s C{30)} 2014
EQUIVALENCE  (DATA(lle  CU31))s  (DATAI23)s C(53)} 2015
EQUIVALENCE  (A{l), Cl421))e  (AI13500s  CU17703) 2016
EQUIVALENCE  (COEFT(1lis Cl4210)s [(COEFTI1350}4Ci1770}} 2017
EQUIVALENCE  (ANS(11, C(421))s  (ANSIG56)s CiBT4}) 2018
EQUIVALENCE (HSUM, Clazu))e  (SSUM, Cla251} 2019
EQUIVALENCE  (WTMOL) CLa26))y  (CPy C(u27}) 2020
EQUIVALENCE  (DLMPT, Cle2B))y  [DLMTP, C(4291) 2021
EQIIVALENCE  (GAMMA, C1430))s  [ARATIO Cl431}) 2022
EQUIVALENCE  (YMACH, Cl432) )y {SP IMP, Cta3dyg 2023
EQUIVALENCE  (VACI, Cle34))s  {CFy Cta361) 2024
EQUIVALENCE  [RHGIE, Ci437))s  (RHOVAC, Claasst 2025
EQUIVALENCE  [RHO, Cla39y) 2026
EQUIVALENCE (T Pl Ciaud))s  {PI Is Claalyry 2027
EQUIVALENCE  [EP PI, Clau2))s (AW Ply Claa3y) 2028
EQUIVALENCE (T ETA, Ci44s1) 2029
EQUIVALENCE  [ETA I, C{44611s (EP ETA, CLeaty) 2010
EQUIVALENCE  [aw £TA, C{648)Ys (T 51G, Craseh) 2031
EQUIVALENCE {516 |y C(451134  (EP 51Gy Cies2)} 2032
EQUIVALENCE (AW S51Gy C1453)) 2033
EQUIVALENCE (ENTL)» CO177100s (ENC90) Ci1860)} 2034
EQUIVALENCE  (80Xil), CU1771))y (BOXL15)s  C{17B5)) 2035
EQUIVALENCE  (HOF (11, CI1786))s (BOFL1S)s  C(1800}) 2036
EQUIVALENCE (nXe CE1801) ) [HF, Ct1Boz1t) 2037
EQUIVALENCE  (VXPLS, CI1803)1)s (VXMIN, C11804)) 2038
EQUIVALENCE  (VFPLS, CI1B0S))s (VFMIN, C11B06)) 2039
EQUIVALENCE  (EN LN(Li» CI1861])s tEN LNISO)s C(1950)) 2040
EQUIVALENCE  (DEL N(1}» Cr19511)s (DEL N{90)s Ci2040)) 2041
EQUIVALENCE  (COEFX(11s Cr19511)s (COEFX{20)s C11970)) 2042
EGUIVALENCE  (DX(11y CL1951) )y (DXI20}y 119701} 2063
EQUIVALENCE  (HOL1ls C12041))s {HOI90) C€(2130)1 2064
EQUIVALENCE  (S(1)s CL2131))s 151900, 222011 2045
EQUIVALENCE (X{1)y CH2221h)y X120} €1225401} 2046
EQUIVALENCE  [FORMLA{L)s Cl2221))y [FORMLA[18)sC(22381) 2047
EQUIVALENCE  {DELTA{I)s C(2241)3s (DELTA{20)s CI22601) 2048
EQUIVALENCE  (BO(1) L2261y 1BO(15), 122751 2049
EQUIVALENCE (PO Ct2276)1s (HSUBOS ci2211y 2050
EQUIVALENCE (SO C12278)0y (T LNy 122791 2051
EQUIVALENCE (T, C1228011s (AAY LN» cr2281)) 2052
EQUIVALENCE  (AAY, (228210, iCPSUM, C12283)) 2051
EQUIVALENCE  (HC» <1228411s {TC LN» Ct2285)) 2056
EQUIVALENCE  (PLPI1)s Cl22861)s (PCPU25)y  CU2310)) 2055
EQUIVALENCE  (PROD(1}ls  CU23111), (PRODIZ1s  C(2313)) 2056
EQUIVALENCE  (DATUMIL)s CU23111)y (DATUMIZ)y C{2313}) 2057
EQUIVALENCE  (PC» CL231410s (TC, ct231s) 2058
EQUIVALENCE  (IPROE, CL23161), (IFIXT, Ct231Ty) 2059
EQUIVALENCE (IHS, C2318))s (LCOND Cir319)) 2060
EQ'IIVALENCE 1 15YM, Ct2320) )9 (IPRODY ct2321ny 2061
EQUIVALENCE  (IDIDs C12322)1s LDRUM ctz2323)4 2062
EQUIVALENCE  (IDRM, C123231)s (KDRUM, ctz3za)) 2063
EQUIVALENCE (L, C1232511y (L1 ct23ze 2064
EQUIVALENCE (M) CI2327) ) (M1s C12328)) 2065
EQUIVALENCE (N, C12329))y (1Qu ct2330)) 2066
EQUIVALENCE  (1Q1, C12331) s (1024 1233213 2067
EQUIVALENCE  (1Q3, C(2333)), (KMAT, 233411 2068
EQUIVALENCE  (IMAT, C(2335))4 (IUSE, C12335)) 2069
EQUIVALENCE  (1ADD, C1233611s (1TNUMR, C12337)) 2070
EQUIVALENCE  (ITAPE, C1233811, (P, C12339)) 2071
EQUIVALENCE  (IDEBUGS (234011 (IFROZs Cr2341)) 2072
2073

DIMENSION  G{20+21)s  A{15,901s EN(90],» EN LNISO) 2074
DIMEMSION  DEL N(S0)s HO(901s S1907, X120} 2075
DIMERSION  DELTA(20}s 80(15)s PCPI25) ) PROD (7} 2076
DIMENSION  COEFX{20)s DX(201 FORM(161s  COEFT(15,50) 2077
DIMENSION  ELMT(15), DATA(23)) [DATUMI3)s  FORMLA(18) 2078
OIMENSION  BOX(151s BOFI(15), ANST454)s  5YSTMI16) 2079
2086

2081

DETERMINE WHICH MATRIX IS TO BE SET UP 2082
SENSE LIGHT LIGHT ON LIGHT OFF 2083

1 COMBUSTION TYPE EXPANSION TYPE 2084

2 ASSIGNED TEMPERATURE UNASSIGNED TEMPERATURE 2089

4 NOT CORVERGED CONVERGED 2086

2087

TolalQl 2088
102#1G2 2089
103=103 2090
IF ISENSE LIGHT 2) 1% 2091

1 SENSE LIGHT 2 2092
IF ISENSE LIGHT 4} 2,13 2093

2 SENSE LIGHT 4 2094
IFiXTE] 2095
1SYM=1Q] 2056
G0 TO 10 2097

3 IFIXT=2 2098
IHS=1 2059
15YMa 102 2100
GO 1O 10 2101
& IFIXT=2 2102
IF {SENSE LIGHT 1) 5,6 2103

5 SENSE LIGHT 1 2104
IMsa1 2105
IsYMe 102 2106
GO TC 10 2107
6 IF (SENSE LIGHT &) 7, 8 2108
7 SENSE LIGHT & 2109
Ins=2 2110
[SYM=1Q] 2111
GG TO 10 2112

8 IMS=1 2113
Isym=102 2114
2115

CLEAR MATRIX STORAGES TO ZERQ 2116
2117

10 DO 212 I=1+102 2118
DO 211 K=l,10Q1 2119
GiIeK)x Du0 2120
211 CONTINUE 2121
212 CONTINUE 2122
1COND=) 2123
IF (L-1Q) 142213414 2124
213 1COND=2 2125
2126

BEGIN SET UP OF ITERATION MATRIX 2127
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DO 65 J=1sM

CALL BYPASS (Usl)

IF (IPROD=2] 659214465
IF [ENTJ)Y 65965917

CALCULATE THE ELEMENTS Rk}

PG 2¢  i=la

FF tALLs)) 13420013

TERM= A(L,J)%ENTIY

Do 15 k=0, L

GUIsK)= GILaK) + ATKsSJP*TERM
CONTINUE

COMPLETE COLUMN A FOR THE GAS MOLECULE

GEL2IC11=GITalC1)+TERM
CONTINUE
GL101,1Q1)= GIICLsEQLI+ENTI)

STATEMENT 24 IS FOR FIXED Te 30 IS FOR VARIABLE T AND CONVERGED
FIXED 7

IF {IFIXT=2) 24430220C
FOR ASSIGNED T BYPASS ENERGY ROW AND 7 COLUMN WHILE ITERATING

TERME (HO(JI-S(J)IRENCI]

0C 25 l=iy U
G(I141Q2)=G(141Q2)+A(1»JI*TERM
CONTINUE

GII101+10212G{ 10141021 +TERM

GO TO 65

FILL IN TEMPERATURE COLUMN AND RIGHT MAND SIDE

TERM=HO{JI*EN{J)

DO 35 alsl

Gi1e1G2)a GI1elQ2I+A{T0JInTERM
CONTINUE

Gi1Q1+1021% GIIULeI02)+TERM
TERM1a (HO(J)~S(J)IRENT I}

DO 40 [=lsL

GUT910Q% )= G{la[QII+A{ 14 1) #TERM]
CONTINUE
GIIQ1s10Q3)=G(IR1,TQ3)+TERML

STATEMENT 50 IS5 FOR ENTHALPY , 55 IS FOR ENTROPY EQUATION

IF (1MS=2) 50455455
G{I0Z211Q2)=G{1I0241102)+H0O(J)RTERM
GII102,103)2G11G2+1G3)+HOIJI*TERM]L
GO TO 65

DURING EXPANSION THE ENTROPY ROW IS FILLED IN

TERMaS(JIRENT )
DO 60 x=tsb
GILID21K]= GIIC24KI+AIKgJI*TERM

CONT [NUE

GIIQ2»101)=GI102+1G1)+TERM
GUIQ2,1Q21=GIG24IG2)+HOT JH*TERM
G102,1Q3)=GII02) 03I+ (MO =STJ) ) *TERM
CONTINUE

AT THIS POINT PROCESSING OF GASEOQUS PRODUCTS HAS BEEN (OMPLETED
AND CONDFNSED PBASE PROCESSIMG IS BEGUN

STATEMENT 70 1S FOR CONDENSEL PRODUCTSs MCL IS FGR NO CONDENSED

IF (1COND=2) 7041015101
K=L1

00 100 Ja MleM

CALL BYPASS (Jel}

IF (1PROD-2) 100+74,100
0O 75 I=lsb
IRRI S ETAR RWE)

CONTINUE

STATEMENT 80 IS FOR FIYED Ty 85 IS FOR VARIABLE T AND CONVERGED
FIXED T

IF {IFIXT=2) 8085485
G{XaIQ2)T HO{J}=5{J}
GO TO 95

GiKy102)= HO(J)
GIKsI03)= HOLY =S}

STATEMENT 95 IS5 FOR ENTHALPY, STATEMENT 90 IS FOR ENTROPY EQUATION

TF [IHS=~2) 95490490
GI1G2+K 12510}

Kz K+1

CONT[NUE

REFLECT SYMMETRIC PORTIONS OF THE MATRIX BEFORE COMPLETING THE
CONDENSED PHASE CONTRIBUTEUGNS TO THE MATRIX

00 104 I=1,1SYM
00 102 J=l»lSYM
GlJe)=G] 0 )
CONTINUE
CONTINUE

THE ADDRESS OF THE NEX1 INSTRUCTION [F SET DURING INITIALIZATION
STATEMENT 105 IS5 FOR CONDENSEDs230 IS FOR NO CONDENSED

1F (1COND=2) 105413013
COMPLETE COLUMN A OF MATRIX

DO 125 J=M1sN

CALL BYPASS (Jsl}

IF (IPROD-2) 125+1085125

DO 107 1=1st
Gi141G1)=Gil+IQLI+A(TJI%ENLY)
CONTINUVE

1F {YFIXT=2) 125+109»109

IF {1HS=2) 110+115s115

2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2128
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
215

2151
2152
2153
2154
2155
21586
2157
2158
2159
2160
2161
2162
2163
2164
2165
2168
2le?
2168
2169
2170
2171
2172
2173
2176
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2188
2187

2188

2267

69



70

a¥aTa)

I ¥ata)

110

115
125
130
1

133
136

15

a

o

1s

le5
168

188
169

185

G(IQ2+1Q1)= GUI02¢I1QLI+HOIJI#ENT )
GO 10 125

GUIQZ+1011a GIIG2+1QLI+SEJIRENTY)
COMTINUE

GO TO {131+133})a1FIXT

KMAT=102

GO TO 136

KMAT2103

TMAT=KMAT -1

COMPLETE THE RIGHT HAND SIDE

DO 145 I=1¢IMAT
GUI+KMATI=G[1+KMAT)=G(Ly1QT)
CONTINUE

DO 150 I=1sL

GITaKMATYI® GI1sKMATI+ AAY®#BO{1)
CONTINUE

Ps G(IO1sI01)

GIIQLIKMAT] = GIIGL,KMAT)* PO
GEIQLls1QL}=040

COMPLETE ENERGY ROW AND TEMPERATURE COLUMN

IF (KMAT-10G2} 165»1854165

IF (IH5-2) 166,168,168
ENERGY=AAY® (HSUBO/T)

GO TO &9

ENERGY= AAY®50+4PO-P
Gil02+102)%GI1IQ2,1CG3)+ ENERGY
G(1Q2,102)= GIIQ2,1Q2)+CPSUNK
RETURN
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MAIN PROGRAM THREE
FROZEN COMPOSITION E£XPANSION

COMMON €

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIVALENCE
EGUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQ'1IVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FOUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSTON
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION

NO FROZ=0
MISSED=0

1611y
{FORM(L) s
{ELMT(L)
IDATA(L) s
1ALy
(COEFTI(11s
(ANS(L1
(HSUM,
{WTMOL »
(DLMP T,
{GAMMA y
{VMACH,
(VACT,
(RHOT 4
{RHO»

AW S1G»
LENELY»
(BOX(11y
tBOF(11»
(HX»
IVXPLS,
(VFPLS»
(EN LNIL1Ys
(DEL Nlle
(COEFX (1
(OX{11s
(HO(L1}y
{501
{(X{1)a
{FORMLAIL)
{DELTA{L)
(BO(1)s
(PO

[S0

(T

[AAY »

(HCy
(PCPUL)y
(PROD{ 11y
(DATUMI( 1)
{(PCy
{1PROB.
(IHS,y
tIsYM,
(101D,
(1DAMy

(Le

My

{Ns

( IDEBUG,

G(20921)s
DEL N{901e
DELTA(20} s
COEFX(20)y
ELMT{151,
BOX(15}

READ DRUM 4,15,ANS

1ADD=1
ITRCT=3
ALPHA=0.0
00 7 JulsN

EN(J)aANS (48 +34)

1F (ENLI))

696015

IE (J=M} 59547
EN LN{J)mLOGF (EN(J)Y
ALPHARALPHA+EN(J)

G0 10 7

EN LKIJ)*0.0

ENTJ)=De0
CORTINUE

WTMOLF=ALPHA®WTMOL

PC=ANS(2)

T LN=LOGF(ANS{3))
HC=ANS (4] /7198726

SO0= (ANS(5)®WTMOLF /1498726 ) ALPHARLOGF [PC/ALPHAY

DLMPT=0.0
DLMTP=0,0

WRITE DRUM &:1.ANS

BEGIN CALCULATIONS FOR CURRENT POINT

Ci1))y

C{421))y
Cla21) s
Cl421) )
Cla2a)ly
Cla261y
Cla28) 1y
Ci4301 1
Cla32) iy
Cid3411
Cih3T))e
Cta3sty
Cla4Q) )
ClasZidy
Cluasy)
Clusas))y
Cia&B))s
Ciuslry
Cia53))
crizILn
cririin
Ct17861)
cri1801h)
C(18031})
C18051)
cr18611)
C(19511)
C(19511)
11951
Cl204khy
Ci21311y
ciz2221n
» C(222111)
Ct2241))
CL2zelry
ciz2ateny
C(2278))
€12280)1
ci2282))
C{2286)})
C122861)
Ct23111)
ct23tin
C(23ta))
C12318))
C123183}
23201}
€123221}
€12323))
C12325)1}
ci23271)
c12329h)

C123361)
Cr2338))
C123401)

A(15:901y
HO(90)
80151
OX{20).
DATA(23)
BOFI15)

1G1420) Ct420))
ITFORM{15)s  C(15)}
{ELMTI15)s  CH30M)
{DATAI23)s C(531)
[AL1380) 17701
(COEFTI1250)+C{2770))
(ANSIAB4)y  CU{BT4))
(SSUMy Cle2%))
{CPy CLa2?))
{DLMTP, CLa291}
(ARATION Ciad3iry
(SP IMP, Cl43211
{CFs Cladsd)
(RHOVAC Cia381}
1P 1 Clasl}
1AW Pls Claaldy)
(EP ETAs ClaaTyy
IT SIG» Ci{a50))
{EP 511G Cra52)}
(ENLSO) Cil860))
(BOXI15)y C{1765))
(BOF(15) s Cr1800))
(HF {i1802))
(VXMEIN, CL1804))
(VEMIN, CL18061)
1EN LNI9D]» CI1950))
(DEL NI901» C(2040))
{COEFX(20)s CE15701]
{DX{20%» 1187011
(HO{9CY ci21201)
(5190} 22200
(X120} Cl224011
{FORMLAIL8)C(2238))
{DELTA({20)s (122601}
(BO{15)y C€i22751)
IHSUBO (2271
IT LNy crezaren
[AAY LNy ct2281))
ICPSUMy C12283))
(TC LNy C12285))
(PCP25] Ci23100
(PROD(314 12313
(DATUME3)»  CL2313))
(TC» cr23isn
(IFIXTy 231
{1CONDw C123191)
{1PRODy 123213
(LDRUM. Ct232311
{KDRUM, Ct23241)
Ll 1232611
(Ml 123281
{10y €i123301}
122, Ti2332)1
(KMAT Cl2334)}
(TUSE Ci2335)}
CITNUMB {12347
Py Cr233s))
(IFROZs Ci23at))
EN(90} e EN LNI9C)
5090 X201
PLP(251s PROD (3]
FORM{1%)» COEFT(15190)
DATUMI 21, FORMLA(18]
ANS (4541 SYSTM(15)

CHECK TEMPERATURE RANGH OF THERMODYNAMIC DATA

READ DRUM KDRUMe 1»COEFT

T=EXPFIT LN}

IF [COEFT{741)=T) 2127
IF (COEFT{741)=500040) 23022451

1F {1ADD=2)

51431431

BACKSPACE [TAPE
BACKSPACE ITAPE

READ TAPE ITAPE»

WRITE ORUM KDRUMs13COEFT

SENSE LIGHT
GO 1O 19

“

27

IF (T-COEFT(6»111 29+35,39

IF {30040-COEFT (601t}
IF (SENSE LIGHT &}

251224651
3847305

C{COEFTIKsJ}sKe1915)9d314%00

LEAVE FROZEN PROGRAM IF DATA FOR ANY SPECIFS RUNS ONT

2280
2281
2282
2283
2284
228%
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2301
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
231%
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339

2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2391
2352

2355
2356

2361
2362

2372
2373

2384
238%

2392
2393
2394
2395
2396
2397
2398
2398

71
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42
285

295
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IF (1ADD-21 5123737

IF (SENSE LIGHT 4] 38.61

SENSE LIGHT &

DO 40 Jxl.N

IF (COEFT(84ul} 4003994

IF {ENIJ)} 40»40,309

CONTINVE

GO TO 49

DO 44 Jal.N

IF (ENTJY) bbsbise?

IF (COEFTIS» ) +2040-T) 2B5s473943
IF (T=COEFT1415)42C+0) 295+44stk
IF (5000,0~COEFT{SsJ)) “tyaty3ll
IF (COEFTL4531=-300e0) 4iruhp3ll

CONTINUE

BEGIN ITERATION

PCP LNsLOGF (PCP{1ADD) )
READ DRUM KDRUM»1+COEFT
CP3UM=0.0

TEEXPFIT LN}

D0 60 J=len

IF (EN{J}) 60950457

59

60

63

65
66
67

73
a1

192
193

197

201

22

w

224

1225
225
227

3
306

307

308
449

451

309
310

311
312

57 CPSUMeCPSUM{ ({ICOEFT(121JI#T+COEFT (119 I®T+COEFT(10yJ} 1% T+COEFT(
199 1) #T+COEFTiBe ) IREN(IL

S8 HOLJI=(UI(COEFTI120J)/501#T+COEFTI111J)/%e0)*THCOEFT(10sJ1/3,01%7

1+COEFTI99J1/2.0)%T +COEFT(13,J)/T+COEFTIBJ)

Sty =i t{COEFT{120U} /040 1¥T+COEFTI112J)/3.0)%T+COEFT{10sU1/240147

1 +COEFY(9eUtIMTCOEFTIRJI#T LNCCOEFT (143 J)I~EN LN(J)

CONTINUE

SUM H=040

5UM 53040

DO 63 JsloeN

SUM HESUM HeRO(JIEN(J]

SUM SESUM S+S{JIREN{J)

IF (1ADD-21 8116565

IF (SENSE LIGHMT 4] 6681

SENSE LIGHT

D LN Ta(SUM S+(ALPHA®PCP LN) =S50} /CPSUM

CHECK CONVERGENCE OF THE ITERATION

T LN=T LN-D LN T

IF {ABSF(D LN T1=0+5E-6) 73,73451
IF (SENSE LIGHT 4} 17417

READ DRUM 441 :+ANS

SUM M=T&5UM H/WTMOLF
CPR=CPSUM/WTMOLF
GAMMA=CPR/{CPR={1+0/WTMOL } )

IF {1ADD-2) 20941914197

CHECK FOR CONVERGENCE AT THROAT

DHSTAR=HC=SUM H ~ (GAMMA®T/(2,0#WTMOL)]

IF (ABSFIDMSTAR/(HC~SUM H}1=0saE=4) 19741974192

IF [ITROT) 193,197,193

PCPIZ)sPCPI21 /114042 O¥OHSTARYNTMOL/ [ T# (GAMMAS1.01}) }
SENSE LIGHT 4

ITCT=1TROT=-1

GO TO 4%
CALCULATE PERFORMANCE PARAMETERS

5P IMP=294,98*SORTF [ {HC-SUM HI%1a98726E-3)
P=PC/PCP(1ADD)
AWE(8624579%T )/ (PEWTMOL*14.695600895F IMP]
IF (IADD-2) 203+201,203

ANT =AW

CSTAR®32.174#PC#144696006%AWT
CF»32,174%5P IMP/CSTAR

ARATIO=AN/ANT

VACI=SP [MP+P#14.696006 %AW

VMACH=SP 1MP/SORTF{8644579RGAMMART /WTMOL §
ANS121=P

ANS(31eT

HSUM=SUM 5*1,98726

CP=CPR#1,98726

ARS11)=PCP{IADD)

ANS{15)=CSTAR

WRITE TAPE 34{ANS(T1slmlss%4]

MO FROZeNO FROZ+1

1F {MISSED) 45142234451

1ADO=1A0D+1

IF (1ADD=21 1225,224,1225

PCPUZ)u( {GAMMA+1.0) /2401 ¥ (GAMMA/ {GAMMA=140}]
T UK=Y (N+LOGF(240/(GAIMA+140))

IF (IADD-28) 225,225,451

1F (PCPUIADD}] 451,451,227

SENSE LIGHT 4

GO TO 49

ERIOR PRINT OUT

WRITE OUTPUT TAPE £,306,T,)1ADD

FORMAT (17HLTHF TEMDERATIRE=E1244026H Xy 1S OUT OF RANGF 4POINT 15}
IF 1(600040-T) 44543074307

IF (T-200.0) 449:308,308

GO TO &1

MISSED=]

ITROT=0

IF ISENSE LIGHT 4} 51,51

WRITE DRUM&» 794 1NO FROZ

WRITE TAPE 3+(Gi11e1v1e29411

CALL PONG(5)

WRITE QUTPUT TAPE 643104 {COEFT(,0)sl21423)aCOEFT(60J) 9 COEFTIT )
FORMAT {13HBTHE SPECIES 346129H HAS NO DATA IN THE INTERVAL 2F941)
BACKSPACE [TAPE

BACKSPACE TTAPE

READ TAPE ITAPEs ((COEFTIKyJ) Kmls15)¢Ju1s90)

WRITE DRUM KDRUM»14COEFT

GO TO 449

WRITE OUTPUT TAPE 64312y (COEFT{IsJ)eluls3is]

FORMAT (13M6THE SPECIES 3A6519H HAS NO DATA AT T= F9.1)

GO TO 449

2400
2401

2402

2403
2604
2405
2406
2407
2408
2609
2610
2411

2412
2413
2414
2415
2416
2417
2418
2419
2420
2421

2422
2423
2624
2425
2426
2427
2428
2429
2430
2431
2432
2633
2434
2635
2436
2437
26438
2439
2640
2441
2442
2443
2644
2445
2646
2447
26448
2449
2450
2451
2452
2453
2454
2455
2456
2457
2458
2459

2660
2461

2464
2465
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MAIN PROGRAM FOUR
CHAPMAN=-JOUGUET DETONATIONS

COMMON C

EQIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
E0UTVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUTVALENCE
EQUIVALENCE
EQ' S TVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EDUIVALFNCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE(P]
EQUIVALENCE(T]
EQUIVALENCE (H1
EQUIVALENCE (AM

1GI1),
{FORM(1) s
LELMT(1),
(DATA(L),
(AL}
(COEFT(LYy
TANS(1e
(HSUM,
(WTHOL s
(DLMP Ty
{GAMMA
LVMACH,
IVACT,
{RHOT,
(RHO»

(T Pl

(EP P14

(T ETA,
(ETA 1s
(AW ETAe
(SIG 1v
AW S1Gy
TEN(L) .
(BOX(1)
(BOF (1)
(HX»
{VXPLSy
(VFPLS,
TEN LNILIs
IDEL NIty
{COEFXI1Ns
DXLy
(HOL11y
(5011
(X(11y
(FORMLA{(1]
(DELTA(Lts
18010,
(PO

15Ce

Ty

(ARY .

(HCy
(PCPITEY
TPROD(LHs
IDATUMT 33y
1PCy

{ IPROM
CIHS,
(ISYM,
(1010
(10RM,

L

My

[

CITAPE,
(IDEBUGY
X R-E-ERI
+CLBTE) Y
2CLBTTY)
19C{BTB))

EQUIVALENCE (CONYCI{BTSIY
EQUIVALENTE {GAMF W C{BEOY)

EQUIVALEMNCE {UU
EQUIVALERCE [XD
EQUIVALFNCEIUS
EQUIVALENCE I PP
FOUIVALENCELTT
EQUIVALENCEITE

SeCUBHLIY
DELCIAB2) Y
WCEBB3N )
PyCtBBEN)
TsCIRBT)}
fCIBBE))

EQUIVALENCE (TEMCI1889))
EOUIVALENCE (AMDC (890))

EQUIVALENCE(UD

DIMENSION G

+CBS91Y

209211

DIMENSION DEL N{U)y

DIMENSION DE
DIMENSION <0

LTAL2U)y
EFX{2U}s

DIMENSTON ELMT LS by
DIMENSION BOX115),

READ CRUM 4,48
IF(JEAN-101110

1 JEAN
0+101+100

WRITE OUTPUT TAPE 642

FORMAT (38H1
READ DRUM 4,48
READ DRUM 4479

VETONATIO
2+K0DE
0900F

Tl
il
Cr16d s
CE31) 0
Cle21))
Cta2l1
Cla2ll1 1y
Clazally
Cla26)
162811
Cta30) 1,
[STEFARNY
Cladau))y
Clad?)i,
Ci439))
C{6a0) )
Crae2)ys
CLass))
Cludb) )y
ClusB) )y
[4ELISRN
Cla53)1
Ct17710ts
SRS ESRRE)
C11788)1 s
C(1801))s
C{1803) 1
Ct18051)1s
Ct1B61) )y
Ct1951 )}y
Ci1951) )y
C{1951)1)y
Ci20681) )
CL2131)hs
Crz221ihs
» CL222110
Ct224111
CL22611 )
1227601
C(2278)1y
Ci228011
C(228211y
C{2284)}s
CL2286 1)
Ci23k1 1
U231y
C12314) 1y
CI2316)) s
Cr23181 )
C12320) )
CL232210
Ct23231
Ct232510
C1232741 0
<2329

Ci2331) )
Ci2333) 1}
Ci2335) )
Cl23361)s
Ci23381)
C1234010

A115901s
HO{90 )
800150,
DX(20)
DATA{?23) s
BOF {151,

N VELOCITY

READ DRUM 4+15163ACX s ACF s AMK s AMF

PPR=1540

CON={ACF+OOF®ACX )/ {120+00F )
AM1zAMX#AMF ¥ (1, 0+00F )/ ( AMX+OO0F * AMF }
WRITE OUTPUT TAPE 641024K0DE

FORMAT [4X95HKODE=T1)

PCP{1)=140/PPP
PCP(2)2040
R=1.98726
T17=0.0
H1=HSUBQO*R
P1=eC

Ti=7C

PCaP(® 14469600
1TR=Q

JEAN®101

L

HSUBO=H1/Rea 75 T1/AMI*PPR
WRITE DRUM &46754P1,T1¢AMIsH14ITReRyCONSKODE s JEAN

CALL PONGL2)
READ DRUM G410

ANS

1616200
(FORMI1S )
[ELMTI1S}y
(DATA{23)y
(AL1350)
(COEFTL1350)
TANS (4506)
{SSUMy
1CPy
(DLMTR,
[ARATIOS
ISP 1MPy
iCFy
[RHOVAC s

(PT Iy
(AW Pl

(EP ETA
(T SIG
(EP S1G»

(ENT9Q}s
80X 1150
(BOF 1151
(HF s

(VXMING
(VEMINS

{EN LNtGO}s
{DEL N1SO)»
[COEFX{201}s
IDX{20)y
(HO{90) s
1S19C)
X201
(FORMLACLE Ty
{OELTAL201
i{B01151
(HSUEO.

(T LN

{ARY LN»
(CPSUMs

(TC LN
{PCPI25)s
{PROD{2}y
[DATUMI3)
(4]

CLFIXT.
CICOND
(IPRO
{LDRU

(XURUMy
Ll
*le
110

1162y
[XMAT,
CIUSE s
LITNUMR s
(P
{IFROZs

ENESO )
5090}
PCPI251
FORM{1%),
DATUME3) s
ANS{4ba )y

Cla20))
Ct15))
Ci3igr}
ci{53))
{1770t
$CL1ITTON)
L8746
cla25))
[4TYSER
Cta2931
Cisdln
Cia33))
Cia3e))
C{a38)}

Clusl))
Clab3))

[ATTTAR]
CrLass))
€452}

CL1860}1)
C1785131}
(180011
C1180211)
CI1BCO 1)
C(1B06)}
c(19501)
Ci12040))
Ci197001}
Cii9701)
CI213014)
C12220) 4
cf22«00h
€r2238))
C122¢013
22751
ci227
C1227911
Cizz8ltt
[¥FERR]
C(2285))
ci{z3ion
cra23idny
{i23isn)
Ci23154h)
Cr23t7hh
CL231%))
Cr2221))
Ce22e4))
Tr2304))
Ct23z63)
24283
423301

EN LNI90)
X201}
PROD( 3]
COEFTI15990)
FORMLA (181
SYSTWMILS ]

CALCULATIUNS)

READ DRUM  434T754P12T19AMIgH1sITReR 1 CONIKODE

GAM=GAMMA
IF(RODEI914+92
GAMMA=GAMMA® (1

91
2+ 0+DLMPT)

2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531
2532
25313
2534
2535
2536
2537
2538
25139
2540
2561
2542
2543
2544
2565
2546
2547
2548
2549
2550
2551
2552
2553
2554
72555
2556
2557
2558
24559
2560
2561
2562
2561
2564
2565
25686
2567

2698
2599

2601
2602
2603
2606
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
28631
2632
2632
2634

3



T4

92 PPPEANS(2)/P]
TIT2ANS(3}/T]
E=PPP
EE=TTT
IF(ITRI20112004201
TEMMRWTMOL / AM]
11=0
WRITE OUTPUT TAPE 6:203+11s PPP,TTT
DO 202 =147
TEMTEMM/TTTEGAMMA
PPPPa(1,04GAMMAL/ {2, 0%TEM)*
211¢0+SORTF{140-6e0STEM/ (140+GAMMA) %2 )}
TE=TEM/GAMMA®PPPP
TTTT=EE-e 7S8R/ {AMIRCP I NEYCAMMARR (2. #AM19CP 18 ( (TES#2-140)/TE ) #PPPP
WRITE OUTPUT TAPE 64203411ePPPP,TTTT
203 FORMAT{1542£20.8})
IF LABSF LPPPP-PPP1=41)2054205+206
206 PPPapePP
TTITaTTTT
202 COMTINUE
205 PCP{1)mT1eTTTT
PC2P18PPPP
TC=0,0
1PROB=3
1TR1
GAMMA =GAM
60 10 27
201 TEMMsPPP/TTT®#WTMOL/AM]
TEM (1 o0~GANMA® [ TEMM=140})
AL\®1.0/PPP-GAMMAXTEMMS (1,04DLMPT}
A1ZxGAMMASTEMMS {1, 0=DLMTP)
A21=GAMMA/240¢ [DLMPT+TEMMeN 2% (2,040LMPT )] =DLMTP
HAL2GAMMA/ 24 0% { TEMM#82+1,0)
A22=HAL®IDLMTP-1,0}-WIMOL#CP/R
B1x1,0/PPP-TEM
B2=WTMOL / [R®ANS(3) )% (HSUM=H] | ~GAMMA /2, 0% (TEMM##Z -] ,0)
ASSIGN 51 10 JJ
50 EEM=A11¥A22-A21%A12
X1x(B1RA22-B2RA12)/EEM
X2u (A118B2-A21#81) JEEM
GO TO JUsi51452+53s 59)
51 TE=ABSF(X1]
TEM=ABSF (X2)
IFITE=26194,94495
94 IF(TEM=24196196195
96 ALAM=1.0
G0 10 97
95 IFLTE-TEM)93493498
93 MAL®TEM
GO 10 99
98 HAL=TE
99 ALAME ., 4/HAL
9T PPPPPPPeEXPF (X1%ALAM)
TTITT=TTTREXPF (X28ALAM)
301 US=91418496 ¥SORTF (GAMMARANS{3]/WIMOL}
UDs TEMMSUS
PCPI1)=TIaTTTT
PCaP1APPPP
TC=0,0
1PROB =)

20

k-3

TETWTMOL /AM]
TEM=PPPP/TTTTSTE
EeX1®82+x7082
EE=SORTFIE}
WRITE OUTPUT TAPE &510s1TR
10 FORMAT (2140 ITERATION NUMBER=12,10Xs3H0LDs 17Xy 3IHNEW/ /)
WRITE OUTPUT TAPE §¢30)PPPyPPPPy TTTsTTTT o TEMMeTEMsX 19X 2 oUSsUDSE

29€E
30 FORMAT(6X+4HP /P13 10X 1H32E2048/6Xs4HT/T1e10Xs1HEZE2028/6X s BHRHO/RH
10126X91HR2E2048/6Xs LIHDEL LN P/P1y3X,1HREZ048/6Xy11HOEL LN T/T143X
23 1HRE2008/6X 1 2HUS 1 12Xy LHEE204B/6Xs2HUD» 12X+ 1H=E20,8/76X s 1HE 13X, 1H=
3€20.8/4X913HSOR ROOT OF Es1xXy1H=£2048)
PPP=pPPP
TIT=TTTT
JFUABSF(X1)~eSE-05111421012
11 IFtABSF(X2)=45E=05)13413512
12 TFLITR=10114413413
14 ITR=1TR+]
ASSIGN 21 7O I
GAMMA=GAM
&0 10 22
13 JEANs10
WRITE DRUM 44483, JEAN
PrppROp]
TETTTRT)
US=91418496 #SORTF {GAMMA®T /WTMOL )
UDaTEMNUS
WRITE OUTPUT TAPE 6,31
FORMAT (17H1  FINAL ANSWERS//)
WRITE OQUTPUT TAPE 64323PPPyTTT o TEsTEMsP s ToWTMOLIP LS T1yAML 3US sUD
29CON
32 FORMAT (6X»4HP/PL110Xs1H=E2048/6Xs4HT/T1010Xs IH2E2008/6X+kHN/M1410
2Xv1H=E2008/6X48HRMO/RHO1 26X s 1H=E2008/6Xs IHP ¢ 13X ¢ IM=E204B/6Xa 11T 413
Xy IN=E204876X 0 1HMe 13Xy IH=E2008/6X s 2HP 1 012X s IHZE204B/6X 3 2HT1512X91H
4=E2048/6X22MML 1 12Xy JHIE2048/6X22HUS e 12X s 1H=E2048/6X22HUD ¢ 1 2K s 1H=E2
5048/6X»2HCP 12X s 1H2E2048}
IF{CON1 4116041
41 GAMF=CON/[CON-R/AM])
AMDEUD/ (514 1B4696%S0RTF{GAMFT1/AM1 )}
WRITE QUTPUT TAPE £4424GAMF 4 AMD
42 FORMAT (6X)THGAMMA Fy7Xs1HaE200876X s 2HMD) 12Xy IHRE2048)
GO TO 150
40 GAMF=0.0
AMD=0.0
150 FEM=45%[2,04DLMPT]
TEMM= (54 (DLMTP=1,0}
WRITE OUTPUT TAPE 6455
38 FORMAT (17HO  DERIVATIVE OF »12Xs4HLN Py13XsaHLA To13Xs5HLN UG/&Xs
2248Y)
B121.0/PPP~GAMMA®TEM
B2aGAMMAS  TEM##2
ASSIGH 53 TO JJ
GO TO 50
CASEL=(FEMOX1+TEMM®X2-140)%UD
Xisxl-1s0
WRITE QUTPUT TAPE 6481¢X1sX2sCASE]
81 FORMAT (6Xs12HLNPD AT T14+GsTXy1H33EL17,8¢
WRITE DRUM 431507 4X14X2ZsCASEL
Bl=GAMMASTEM
B2%~B1eTEM-WTMOL*CON/R/TTT

3

5

w

2688
268%

2691
2692
2693
2696

2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2714
2715
2716
2717
2718
2719
2720
2721
2122
2123
2724
2725
272¢
2727
2728
2728
2730
2731
2732
2733
2734
273%
2736
2737
2738
273%
2740
2741
2742
2743
2744
2748
2746
2747
2748
2749
2750
2781
2752
2753
2754




59

B

&

52

»
w

ASSIGN 59 TO JJ
Q TO 50

G!
CASE4={FEMPXL+TEMMEX2+1.0) *UD
X2aX2-140

WRITE OQUTPUT TAPE 63B&4sX1sX2+CASES
FORMAT (6% s 16HLNTL AT PleHleMle3Xs1H=3E1748)
WRITE DRUM 441510sX1sX24CASES

B1=0.C

B2=-WTMOL/ (R*T1

ASSIGN 52 TO JJ

GO TO 50

X1=X1#1000.0

X2=X2#100040

CASESE[FEM¥X14TEMM®EX2) #UD

WRTTE OUTPUT TAPE 6,B5:X11X2+CASES
FORMAT 16X+20HH] AT T1sPlyM1 =3E17.8)
WRITE DRUM &31513»X11X24CASES

GAMMARGAM

1PROB=1

UUS=91418498%SORTF (GAMF AT /AML]

CALL 0UT

CALL PONGI1)

75



76

~

SUBROUTINE OuTY

COMMON C

EQUIVALENCE  (Gi1ls [SEETN 1614201y ciszm
EQUIVALENCE  (FORM{11,  CIid), {FORMII5)s  CL151
EQUIVALENCE  (ELMTI13,  CI16)bs  [ELMT{15)s ({30}
EQUIVALENCE  (DATA{I1s  CI3L))s  (DATAL23)s ({53}
EQUIVALENCE  (COEFT(1)s CI4210)s  ICGEFTULIA5014CI17T0L
EQUIVALENCE  {ANS(11s CL621h)s  (ANS{4B4)y C{87%1)
EQUIVALENCE  (nSUM, C1424b)y  [S5UM Clazéy
EQUIVALENCE  {WIMCL, Cla26lhs [P, Cia27)
EQUIVALENCE  (DLMPT, Cl42B)bs  [DLMTP, C{a253
EQUIVALENCE  (GAMMA, C14301)y  [ARATIO, Clu3ts
EQUIVALENCE  (VMACH, Clu32) by [SP [MP, Cis33y
EQUIVALENCE  (VACT, Cra3u)ds  [CFy C{a38y
EQUIVALENCE  (RHOI, Cra37))s  (RHOVAC, Ct438)
EQUIVALENCE  (RHO4 Cla39)

EQUIVALENCE (T PI, Cla4G))s  (PI Iy Craal)
EQUIVALENCE  (EP PIy Claa21)y (AW PI, Clasdy
EQUIVALENCE IT ETAs Claab)

EQUIVALENCE  (ETA [ Ciaab) )y (EP ETAy CLaaT)
EQUIVALENCE (AW FTay C166811y (T SIGy Ctaso)
EQUIVALENCE  [SIG I CL6511)s  (EP SIG Cras2)
EQUIVALENCE TAN S51Gy Cia531)

EQUIVALENCE  (EN(1)s CITTTIVT (ENE9D), Cr1860)
EQUIVALENCE  {BOXI{1)» CI1771) s (BOX{151,  CL1785})
EQ'JIVALENCE  1BOFil1)s Ci178611y (BOF(1SEY  C(2600)
EQUIVALENCE  (HX4 CL18C11s (HF, Cr1802))
EQUIVALENCE  [VXPLS, C11803) s (VXMIN, CI1806 )1
EQUIVALENCE  (VFPLS, C1180513s (VFMIN, CL1806)
EQUIVALENCE  [EN tN{1}s Ci1861)1s (EN LN(901) C1950})
EQUIVALENCE  (DEL Nfl)s <C{1951}1» (DEL N(90)» C(2040!
EQUIVALENCE  (COEFXI1}s C{1951)1s (COEFX(201s CUISTO}
EQUIVALENCE  (DX{1)s C195111s {DX(201, C11970)
EQUIVALENCE  {HOI(1}s Ci204111s (HO(901 Cr2130)
EQUIVALENCE  (St1), 1213113 150901, Ci22201
EQUIVALENCE  (X(11, CH22211)0 (XC201, 122601
EQUIVALENCE  (FORMLAIL1)s €122211)s (FORMLAI18),Ci2238))
EQUIVALENCE  (DELTAIL)s <(22413)s (DELTAT20)s C122601}
EQUIVALENCE  (BOI1)s 12261304 [BOLLS), ct2275)
EQUIVALENCE (PO Ct2276)}s [H5UBO. L2271
EQUIVALENCE (500 C12278))a {1 LN» {22751}
EQUIVALENCE (T, C12280))s {AAY LNy ct22811y
EQUIVALENCE  [AAY, C122B2))s [CPSUM, 1228313
EQUIVALENCE  (HCy Cr2z8u)is [TC LN c1z22851)
EQUIVALENCE  (PCPI1)s C12286))s 1PCOL251s  Ci23101
EQUIVALENCE  (PROD(11y,  CI12311))s (PROD(Z}s  C(2313)
EQUIVALENCE  (DATUMEI)s Ci23X10)4 (DATUM(3), C(2313}
EQUIVALENCE (PCy CH23140)9 (TCy €12313)
EQUIVALENCE  (IPROA, C12316))s (IFIXTy (2317
EQUIVALENCE  (IHSy C12318) 14 [ICOND, Cr2319y
EQUIVALENCE  (1SYM, CL2320) s IIPRODS (223211
EQUIVALENCE  (1DIDy C12322)4a [LDRUMy ci2323y
EQUIVALENCE  {IDRM, Cr2323)ts [KDRUMs C123241)
EQUIVALENCE  {Ls CL2325) 1y (L1y C(2326)
EQUIVALENCE (M, CL2327y0 (M1, C12378)
EQUIVALENCE (N CL2329) 0 (i C12330)
EQUIVALENCE  (1Q1s 123310 )y (162 C12332))
EQUIVALENCE {103, CL2333) ) [KMAT, Ct23341}
EQUIVALENCE  (IMAT, C12335) ), {1USE, C23351)
ECUIVALENCE  ([ADD, Ci2336) 1 (ITNUMB, CLz3371}
EQUIVALENCE  {[TAPE, C12338)), (Ps C12339)
EQUIVALENCE  ( IDEBUGH Ci234011s {IFROZs Ci2361))
EQUIVALENCE (P14C(B75)}

EQUIVALENCE!T1+C(876}}

EQUIVALENCE [H1,C{B77)}

EQUIVALENCE (AM1,C1878))

EQUIVALENCE (CONAC(BT91 )

EQUIVALENCE (GAMF,C (B80! )

EQUIVALENCE {UUSC{BBLY)

EQUIVALENCE (KODESC (688211

ECUIVALENCE (US,C(B85))

EQUIVALENCE (PPPC(8B6 )}

EQUIVALENCE({TYTC(BBT )

EQUIVALENCE {TE+C(8BB)}

EQUIVALENCE{TEM C(BB9 )

EQUIVALENCE {AMDWC(B90) )

EQUIVALENCE tUDsCIBI1})

EGUIVALENCE (TITLET1)2CiB92) 1o (TITLEC315)4C11206))
EQUIVALENCE (AMOL (1)5C (1207010 (LAMOLI105)+C (1311 })
EOUIVALENCE (A1) 9C11312)1+(A1690)4C L2001 )}

DIMENSION  G{20s211s EN[90), EN LN{90}
DIMENSION  DEL N(SC)» HO(90), 5190}, X201
DIMENSION  DELTA(20), BOI18)y PCPI25) PROD131
DIMENSION  COEFX(20)s DXi201y FORM(15)s  COEFT(15190)

DIMENSION  ELMTI151,
QIMENSTON BOX(:5),

DATAI23}
BOF 15},

DATUM(3}e FORMLAL(18)
ANS {4540y SYSTMILS )Y

DIMENSION TETLE(35 10510 EMOLILa105)4A1508)

2 FORMAT [9HOCASE NOs153F8424FBa2}

3 FORMAT (1H0O,64Xs52HWT »RACTION ENTHALPY STATE  TEMP

HEAT (AP

ZACITY/25Xs LOHCHEMTCAL FORMULA 924 Xs20MISEE NOTE ) 44X THCAL /MOL 9 12X
3SHOEG Ke5X»13HCAL /MOL-DEG K}
4 FORMAT (1HO,B84X»46HWT FRACTION ENTHALPY STATE TEMP [ I
225X s LEHCHEMTCAL FORMULA X s LOHISEE NOTE JaoXs THCAL /MOL » X s SHDEG K1
5 FORMAT (1H+s83KpFOueSsF12¢314XeAlaF10029F1)00)

6 FOUMAT{1H+1B2XFFe s

T FORMAT (1HO»20Xs4HO/

I RATIO=F 74410
20 FORwAT

IHAURNED GAS!

Fl

2Ny AlyF10e25F1106)

(43Xy46HDLTOINATION PROPERTIES OF AN
21 FORMAT {63X,445HCALCLILATEDR USING
22 FORMAT (1MO,24HTHERMODYNAVIC

23 FORMAT (1X36HP, ATM)20X0¢ 12450 IXKaF124510

24 FORMAT (1X»8HTs DEG KolBX,F1ie2s3XeF12411
25 FQRMAT (1X999H, CAL/G
26 FORMAT (I1X41545s CAL/G-DEG % +26XeF1244)
27 FORMAT (1Xy11HMs MOLW

28 FORMAT (1Xe16HCPy CAL/G-DEG K
29 FORMAT {1X412+(LLNM/OLNPIT18XsF12.503XK0F1245)
30 FORMAT (1XsI2H{DLNM/OLNTIPeIGXeF 124643X,F1244)

PLTXaF 1241923 K0F1241)

WTel5KsF12e343XsF1243)

31 FORMAT (1Xs5HGAMMAL 21X, F124447XsF 1204}
12 FORMAT (1Xs9HUSs M/SECH1TXeF122193XsF1241)

33 FORMAT(IMD/IX6OHBURNED GAS COMPOSITION

34 FORMAT (1HO/1X421HDETONATION PARAMETERS,

22Xp2THIUD TN M/SEC,

H1

IN KCAL/GH)

SebalSHe PERCENT FUEL=FB.4420H, EQUIVALENCE

TOEAL REACTIND GAS)

SPECIFIC HEAT RATID AS GAMMA |
PROPERITES/ZTH4 1 2HUNBURNED GASs 5X410

W 10XKsF125403X0F124%)

IN MOLE FRACTIONS//)

35 FORMAT [1HOs4HP/Pls4Xs1H=FT4 345X 21HIOLIP/PLY/DLPIITIyH1=F8,545X)1
PEMIDLIP/PTH/DLT1IPI=FB8e545Xs 20HIOLLP/PY)/DHEIP1 T15FB45]

2777
2778

2829
2830
2831
2632
2633
2836
2835
2836

2837
2838
2839
2840
2841
2842
2843
2844
2865
2846
2847
2848
2849

2855
2856

2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2863
2870
28711
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2887
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896



36 FURMAT [ 1XeHT/TLebX s H2F70as5Xy 2THILLAT/TII/GLOTIT1oH1=F8545Xs]
IEH(UL(T/Tl!/DLTL)Pl=‘8.5a5Xv?OFIDL(Y/Vl)/DhllPlle=Fh'5!
MAT LEIXa6HM/MLsada LH=F Teg]

E MAT [IXaOHRAD/R
29 FURMAT [1XsSHMACH NU
40 FORMAT (1xs9HUD 7Ly 5Xs 16HID UD/DLPLITLsH1 64X s 1H=FBe2,5Xs]3

THIP UNZALT 1P 14Xy IH=F8¢22a5X s L5HID UB/DHIIPTaTLo4X s 1H= Ba2)
READ ORUM 4, 789,KASE »OOF yPERCFSEQULY

READ DRUM 441503,%0

READ CRUM 44170048

1000 WRITE ONTPUT TAPE 6418

18 FOAMAT (1M1}

552 RFUIND ?

300 RFAD TAPE 1, (ANS(1)sl=14454)
HAL=P 1 #14.,696006
1=1
J=38
0D 280 JJ=laN
AMOL f 19 1)3ANSTD)
RENE

350 1=1+1
WRITE DUTPUT TAPE 6420
IFIKODE) 35152524751

381 WRITF OUTPUT TAPE 6421

252 CONTINUE
$TZ ZERG

106 J=34
DO 104 I=1N
DO 105 Il=1.3
Kk=Js11

105 TITLETEIsT)=ANSIXK)

104 Jzure
READ DRUM 43795 0AsNFaNDSNEJELMT
ASSIGN 90 TO JEAK

92 WRITE QUTPUT TAPE 642 XASEsHALNTY
GO0 TD JEANS(90491)

90 1FIKD)I93994,93

94 WRITE QUTPUT TAPE 6,7
GO TO 97

93 WRITE OUTPUT TAPE b4

97 IFINFI451,4500651

451 0O 100 I=1sNF
11=1
MM=15
CALL SPECIT]sMMaALELMTIXD)
IFIKDY&0Ly4009401

400 WRITE OUTPUT TAPE Gy5eAil a4 sAlT032)sA{T a2 s AT 081 sALT1136)
G0 10 100

401 WRITE GUTPUT TAPE GabaR{1e2b)sh{s32)sAlTe621sA(1086)sa(1436)

100 CONTINUE

450 IFINGI4&53,452,453

453 DO 10t =180

MM =
CALL SPECCLIsMMyASELMT LKD)
TF(C01611s6100411
410 WRITE QUTPUT TAPE Be59A(1s33)sAlT+3110AI1G1) sACEs43)ATT435)
G0 1O 101
411 WRITE OUTPUT TAPE 6o sh (14330 4AE 14211 4AIT 4011 sAI15431¢8(1425)
101 CONTINUE

452 CONTINUE
WRITE OUTPUT TAPE 6,7s00%sPERCFLEQUIV
WRITE CUTPUT TAPE 6422
WRITE OUTPUT TAPE 61234P14P
WRITE QUTPUT TAPE 632417147
WRITE OUTPUT TAPE 61253H)sANSI4)
WRITE QUTPUT TAPE 6»261ANSIS)
WRITE OUTPUT TAPE 65271AMIIANSI(6)
WRITE OUTPUT TAPE &528+»CONsANSITI]
WRITE OUTPUT TAPE 6,29+2ER0sANS(B)
WRITE CUTPUT TAPE £530+ZEROVANS(S)
WRITE CUTPUT TAPE 6131+GAMFeANS(10]
WRITE CUTPUT TAPES»32sUUSSUS
WRITE OUTPUT TAPE 6133
CALL COMPIAMOLTITLEsLsNe2)
WRITE OUTPUT TAPE 6,34
READ DRUM 4915071A1,A2+A34A4sA5 A6 IAT1ABSAT
WRITE OUTPUT TAPE 6435)PPPyALiAL,AT
WRITE QUTPUT TAPE 6436, TTTiA24A5148
WRITE OUTPUT TAPE 6+50sUDA3SAGIAY
WRITE OUTPUT TAPE 6,37+TE
WRITE CUTPUT TAPE 6538,TEM
WRITE OUTPUT TAPE 63394AMD
207 WRTTE OUTPUT TAPE 6316

16 FORMAT (1H0330Xs16HINPUT. G-ATOMS/G//)
READ ORUM 4,1702,B0X1BCF B0
READ DRUM 4r14870NELELMT
1F{NE~8)80,80,31

80 Kk=]
KKK=NE
LOOP=1
GO TO B2

81 KK=1i

=2

82 DO 85 Jx1,L00P

WRITE QUTPUT TAPE 6,210 {ELMTI])yIaKKaXKKY
11 FORMAT (11Xs8(6XsA2:TX})

WRITE CUTPUT TAPE 6,1241BOF {1)s1=KKqKKK}
12 FORMAT (SH FUEL #s6XsBE1S.T)

WRITE QUTPUT TAPE 6,13+(BOX [1)sleKKsKKK}
13 FORMAT (8H OXIDANT,3X18E15.7)

WRITE QUTPUT TAPE 6414»(B0 L1)4E=KKXKK)
14 FORMAT (11H PROPELLANT»BE1547}

IF 1LOOP~1) B6+B5+B6
86 KK=9

KKK =NE

WRITE OUTPUT TAPE 6115
15 FORMAT(1H3)
85 CONTINUE

ASSIGN 91 TO JEAN

G0 TO 92
91 WRITE OUTPUT TAPE 64119
119 FORMAT [6HONOTE«s2XsTIHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

10F OXIDANT IN TOTAL OXIDANTS

RETURN

2897
2898
2899
2900
2901
2902
2902
2904
2505
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915
291¢&
2917
2918
291%
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
29138
2939
2940
2541
2942
2963
2964
2945
2946
2947
2948
2945
2950
2951
2952
2953
2954
2955
2956

2957
2958
2559
2960
25961
2962
2963
2964
2965
2966
2967
2968

2972
2971

T



SUBROUTINE ONCE (Ns™M,TITLE} 3013

< CUTAUTS OBD PRODUCTS 3014
< 2015
< 3018
DIMEMSION MIX0S)sTITLEI32105) +TEM{10}eFMT(3) 3017

SA ALF 102 3018
sB ALF 14Xs2 J01%
sC ALF 2742 ac20
SO ALF “0Xs2 3021
SE ALF $3X42 3022
SAA ALF 66X527 3023
SR8 ALF 79Xs2 3024
$CC ALF 92Xy 2 3025
SDD ALF 105X+2 3026
SFE  ALF  11BXs2 3027
SFOR ALF  (1Hes 1028
SAPE  ALF LI} 1029
WRITE QUTPUT TAPE 6,1 3030
FMT(1}=FOR 3031
FMT(3)=APE 3032
TEM{1)=A 3032
TEM(21=8 2034
TEML3]2C 3035
TEMLG1=D 3038
TEMI5)2E 3037
TEMIS ) =AM 3038
TEM{7)=B8 3039
TEM(8)=CC 2040
TEM{9)=DD 3041
TEM{10)=FE 3042

[ 3043
KK=1D 3044

DO 10 Tal,N 3045
J=Mtl) 3046
IF(I-KK) 20520421 2047

20 K=+l 2048

GO TC 5 3049

21 k=1 3050
KK=KK+10 3051
WRITE QUTPUT TAPE 641 3052

1 FORMAT (1M } 3053

5 FMT{2)sTEM(K) 3054
WRITE OUTPUT TAPE 6,FMToTITLE(2,J) s TETLEID,.) 3055

18 CONTINUE 3056
RETURN 3057
SUBROUTINE SPECIIoMyAGELMT o XONT 30586
CHTPLTS FUEL ANJD OX1IANT FROM SUBRDUTINE INPUT 30ny

3060

3061

DIMENSION AL15046 ) TEMIST g ANAME (5 ) FLMT (L4} 3062
OIMENSION T114) 1061

55 FORMAT [I0Xe4HFUFL ! 1064
b6 CORMAT (10X, THOX]TANT) 3065

P 2ela? 3086

DUTPUT TAPE §466 3067

2 1068

CQUTPUT TAPE 6,55 1065

3070

J=ly2s 3071

3072

[FIATS,XK) 112410412 3073

12 K=x+] 074
TEMIK) =R {Jyxk ) 3075
ANAME (K)=ELMT{J} 30786
THig)=TFMiKy 077

11 CONTINGE 3078
TFLEONT 121420421 3079

20 WRITE OQUTPUT TAPE 6,4 (ANAME(I) o11(10elnlpK) 3080

4 FORMATEIH+s IBA451A82,12+5X)) 1081

50 YD 13 3082

21 ARITE CUTPUT TAPE 6,5, (ANAME(T 12 TEMITSplx]4K) 3083

5 FORMAT [1He, X, 5(42:F8a542x) 1) 3084

13 RETIRN 1085



SUBROUT INE COMP{AMOL +TITLE s IN2N,ME) 3086

C QUTPUTS COMPOSITION 3087
< 3088
< 3089
DIMENSION AMOL L1 1105)'7|YLE(3-]05)-YOHYT(IOS)-ILESS(IO5) 3090
DIMENSION FMTI4) s TEM{G) 3091

SA ALF {1HK+» 3092
58 ALF A6sF B 3093
5C ALF 51 3094
5D ALF TXe2 3095
SE ALF 36X92 3096
SF ALF 66Xa2 3097
5G ALF 92%e2 3098
SOMIY ALF oMIT 3099
1 FORMAT (1X22A632Xs13F9145) 3100

3 FORMAT {1MO, 118MADDIT{ONAL PRODUCTS WHICH WERE CONSTDERED BUT W 3101
1HOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNED CONDI 3102
2TIONS//) 3103

4 FORMAT {1HOs 59HPRODUCTS WHICH WERE INTENTIONALLY OMITTED FROM 3104
1CALCULATIONS/ /) 3105
TEN(1)2D 3106
TEM(2)=E 3107
TEM(3}=F 3108
TEM(&1}=G 3109
FHT(1)=A 3110
FMT(3}=8 111
FMT(4)=C 3112

KaQ 3113

KK =4 3114

10M=0 ans

ILE=0 3116
IF{ME-1161+60461 3117

61 WRITE GUTPUT TAPE 61646 3118
60 1120 3119
00 9 I=leN 3120

s CLA TITLE (1lo1} 1121
s SUB OMIT 3122
s TNZ *10 3123
10M=10M+] 3126
TOMITCIOM) =1 3125

GO TO 9§ 3126

10 DO 11 JuleIN 3127

1F (AMOL{ Je11—»5E=05111012912 3128

11 CONTINUE 3129
JLE=ILE+] 2130
ILESSIILE) =T 2131

GO 1O 9 3132

12 IFIME~1151250551 3133

50 WRITE OUTPUT TAPE &1 -TlTLE{ZvIl-TlTLEK}vII-(AMOL(JJ-X).JJIIOIN) 3134

GO 1O 9 3135

51 I1=11+41 3138
IF{I]-KK)}200+200+201 3137

200 K=K+1 3138
GO TO 5 3139

201 k=1 3140
KK=KK+4 3161
WRITE QUTPUT TAPE 6146 3142

44 FORMAT (1M ) 3143

5 FMT{2)=TEMIK] 31ab
WRTTE QUTPUT TAPE byFMT.TlTLEIZ.II;TITLEK3|I).‘HOL[]|X) 3145

9 CONTINUE 3146
TFITILEY 21520921 3147

21 WRITE OUTPUT TAPE bebi 3148
WRITE OUTPUT TAPE 643 316%

CALL ONCE(TLEsILESS»TITLE} 3150

20 IF(IOM) 31:30,31 3151

31 WRITE QUTPUT TAPE 6,44 3152
WRITE QUTPUT TAPE 6.4 3153

CALL ONCE (1OMs10MiT»TITLE} 1154

30 RETURN 1155



80

AnAA

C
C
<
5

EXIT
2
3

4

5
&
;

550

551
552

201

202
203
102

mALR PR

OUTPUT PROGRAM

COMMON €
EQUIVALENCE tANS5 (1), C1251 7 [ANS{454), Cta78y
EQUIVALENCE(TITLE(] ), CLa79)), [TITLEI31S)s C(793)}
EQUIVALENCE (PAR(1), CL7941 14 IPAR{208 ) Ct1001}
EQUIVALENCE(DER(1], Ct1002))s (DER{169)y [ABON{ ]
EQUIVALENCE IAMOL (1), CIYIT1)hs  {AMOL{1385)s C(2535))
EQUIVALENCEIA(] ] CIT94) )y {A{690)s <l1483))
EQUIVALENCE(ELMTIL], Cll4B4))s ELMT{I5)» Ct1498))
EQUIVALENCE (BOX(1) Cl1499))s  (BOX(15)s Ci1513))
EQUIVALENCE(BOF (1) Ct1514))s  (BOF(151, Ci15281)
EQUIVALENCE (BO{1}y C11529%1s  (BO(15}, Cl1543)
EQUIVALENCE( I, Cr25361 s (MM Ci2537))
ECUIVALENCE (KD, C(253811» (INy 1253911
EQUIVALENCE(N Cl2540) )y  (LENs ct2a5a1yt
EQUIVALENCE IME, CI2562))s IMAY, Ci2543))
EQUIVALENCE {NANA, CI2544) )y (IPROB, C1254%))
EQUIVALENCE(NF . Clldths (NO» ct21)
EQUIVALENCE (NEy Ci3))s (KKy cti9n
EQUIVALENCE (KKK Cl201 )y LOOP, 21
ECUIVALENCE (KTAPE, Ct254611

OIMENSION YITLEKBvXOSlvPAR(lltlélpDER[13013)-AMOL(1!o105)l

2 AlI5546)»ELMTI15}
31ANST456)

DIMENSION BOX{15)s80F(151:80115)
ODIMENSTON ASOL{13)

MAIN CONTROL FOR ONE OR TWO LOOPS

ALF EXIT

FORMAT (9HOCASE NO«I54F8414F7,3}

FORMAT (1H0,64Xs46HWT FRACTION ENTHALPY STATE TEMP DENSITY/
225X+ L6HCHEMICAL FORMULA424X, 10M (SEE NOTE ) 36X s THCAL /MOL 9 10X o

ISHOEG Ky&X»4HG/CC)

FORMAT {1HO,B4X,46HWT FRACTION ENTHALPY STATE TEMP DENSITY/
2 25X e LEHCHEMICAL FORMULA+ 44Xy LOM(SEE MOTE ) »4X e THCAL /MOL o
3 8X»SHUEG KebXyuHG/CC)

FORMAYI1"‘:63X-f9-S.FIZquHXaAIoFlO-Z'Fll-6)
FQRMAYl1H"53X‘F9.50F12-3|hx’A‘vFlG-?vFll-b)
FORMAT [1HO v 30XsuHO/F=F94by15kH, PERCENT FUEL=FB844420H, EQUIVALENCE
1 RATIO=FTats10H» DENSITY=FT.4]

READ DRuM ﬂp759;KA$E-OCF|BERCFqEQU[VpNOEQ-NOFROZ
READ DRUM 4,1503,KD

READ DRUM 45170C»N+IPROB

DO 60 I=1s13

CLA EXIT

STO AsoLin)

IFIIPROB-2)550,5504551

NANA=?2

GO TO 552

NANA=1

REWIND 3

KANE=NANA

DO 200 MF=1,KANE

KTAPEED

READ TAPE 3, (ANStIIelx],054:

ETAPE=KTAPE+]
HAL=ANS(2)#164. 696006
HALL=ANS(19)
IFIME-1)2024+7019202
LEN=NOEQ

GO T0 203

LEN=NQFROZ
IFILEN=1311024102+103
KCQE=C

tos
104

1000
18

9

&5

90
94

97
351

“0)
100
35¢
353

410
411
lot
352
50
51
52

53

00 104 I=1sN
DO 105 1l=1,3

KR=J+1t

TITLE(ITs1)=ANSIKK)

NLATY

Mays=]

WRITE OUTOUT TAPE 6,18

FORMAT (1H1)

CALL HEAD

READ DRUM 4,795+ AsNFoNCoNEyELMT

ASSIGN 90 TD JEAN

WRITE DUTPUT TAPE 642 +KASE sHAL 4 OOF

GO TO JEANV {90,591

1F{KD}93996,93

WRITE QUTPUT TAPE 6,3

60 T 97

WRITE QUTPUT TAPE 6,4

IF(NF1351,350,351

DO 160 I=1sNF

I1=1

MM315

CALL SPEC

TF(KD)401s400s401

WRITE OUTPUT TAPE 61504710340 0A(15321sA(1142) sALT 04k ) »A(1536]
GO TO 100

MRITE OUTPUT TAPE 64658410341 0A(103210A11462)0A(T08410A115306)
CONTINUE

TF(ND1353,352,353

DO 101 I=1,NO

Il=r

MM=0

CALL SPEC

IFIKDI411,410,41]

WRITE OUTPUT TAPE 6554A114331sA(1031)0A11041) sAl1443)sA(1535)
G0 TO 101

WRITE OCUTPUT TAPE 6.6'All-331pAllalllpA(l-hl)cl(l;h?).A(l|35)
CONTINUE

CONTINUE

WRITE OUTPUT TAPE 827 210CF sPERCF 9 EQUIVoHALL
IF{KODE) 51,50,51

INsLEN

GO TQ %6

IF{RONT) 53,5253

IN=KODE

KONT=1

GO 70 %6

INSLEN -13

3183
3184
3185
3186
3187
3188

3215

3216
3217
3218
3219
3220
221
3222
3223
3224
3225
3226
azz27
3228
3229
3230
3231
3232
3233
3234
3235
1238
3237
3238
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254
3255
3256
3257
3258



AN oAnn

-

Y2t

An

fa
66
65

205
99

o

502
Sus
2ne

KODE=C

CALL READ

IF [ TPROB=2)600+6001601

WRITE OUTPUT TAPE 6,602

FORMAT [37HOEGUIL [BRIUM THERMODYNAMIC PROPERTIES)
CALL FFRPAN

GO 30 206

WR QUTPUT TAPE 648

FCRMAT {11MIPARAMETERS)

TF (MAY-1164163164

KK=IN=2

WRITE QUTBUT TAPE 6+610tASOL(IT41=1s KKI
FORVAT {1HO» 16Xs THCHAMBER 34X s THTHROAT o101 3X2A6153XsA4)
GO TG &5

WRI™E CUTBUT TAPE £y66s (ASOLITIsI=14IN)
FORMAT [1HO#15X 121X 0R0))

CONTIMUE

CALL PERPAR

IFIME-1120642051206

WRITE OUTPUT TAPE 6179

FORMAT(]H |}

WRITE CUTPUT TAPE 619

FORMAY (12PCLERIVATIVES)

IFEMAY=11 50155025501

CALL PFROER

G0 JO Sns

CALL PERDEY

CONTINUE

WRITE CUTOUT TAPE 6439

WRUTE CUTPUY TAPE 6410

FORMAT {1SHOMOLE FRACTIONS/ /]

CALL COMP

WRITE OUTPLT TAPE 6916

FORMAT (1h0s+30XeL6HINPUTs G=ATOMS/G/ /)
READ DRUM 4,1702+BOX+BOFRC

READ DRUM 5516879 NESELMT
IFINE-B180580491

8

o

15
85

91

119 FOUIMAT {6HONCTEwe2X+T71HWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

9

o

95
208
200

55
66

~

o

21

13

LooP=2

0O 85 Ja14LOOP

WRITE OUTPUT TAPE 6411 (ELMTIIIsI=KKIKK
FORMAT {11XeB16XsA247X))

WRITE QUTPUT TAPE 6s12+(B0F (1)sI=KKeKKK}
FORMAT (5H FUEL#6XeBE15aT)

WRITE CUTPUT TAP:L 4139 (BOX (T}sIeKKsKKK)
FORMAT 1BH OXIDANT3Xe8E1547)

WRITE GUTPUT TAPE 6yltslBO  (1}elERKyKXK)
FORMAT {11H PRCPELLANT4BE1547)

IF {LOOP-1} B6485,66

Kk=9

KKK =NE

WRITE OUTPUT TAPE 611%

FORMAT (1HO)

CORTINUE

ASSIGN 91 TO JEAN

GC TQ 92
WRITE OUTPUT TAPE f£4119

10F OXIDANT IN TOTAL OXIDANTSH
1F(KQDE 196435476
MAY=MAY+]
GO TG 1600
IFINANA=1)2085200+2C8
NANAZG
CONT INUE
CALL PONGIL)

SUBROUTINE SPEC
OUTPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

COMMON C

EQUIVALENCE(TEM(1] CL1BEDY {TEM{SL, 22y
EQUIVALENCE (ANAME(1)s  Ci6) 1y TANAME §5 1 €101
EQUIVALENCE(TT (1) C{110 0y {11850 15
EQUIVALENCE (Ky Clle) by XKy [ADRAS]
EQUIVALENRCE{ATL by CLT9410 ) 1A{6501 Ct14813)
EQUIVALENCE(ELMT I}y CtluBadbs (ELMTII5)s C(145981)
EQUIVALENCE [ Ty 1263601 My Ci2537))
EQUIVALENCE (KONT s Crasigii

DIMEMSTON AC155066) v TFMEE) pARAME[S) pELMTLLE)
DIMENSTON 1115)

FORMAT (10XedHFUEL}

FORMAT (10XsTHOXIDANT)

IF (M ) 24192

WRITE CUTPUT TAPE 6456

GO 10 3

WRITE DUTPUTY TAPE 6455
K=n

DS 11 J=1,415

KE=1+M
IFtATJWRK)I1292]9 02
K=K+l
TEMIK) =8t JsKK)
ANAME (R I =ELMT ()}
TEC)=TEM(L)
CONTINUE

IFIKONT 121920921

WRITE QUTPUT TAPE &s6e{ ANAMECT o TT (T aI=]aK}
FORMAT [ 1H+s18Xs5(82912+5X))

GG TO 17

WRITE DUTPUT TAPE &s5s {ANAME (1) TEMIT )9 1=10K)
FORMAT [1H441BX)5(A2+FBabs3K)}

RETURKN

SUARGUTINE HEAD
QUTPUTS PROPER HEADING ACCORDING TO PROBLEM NUMBER

COMMON T
EQUIVALENCE (1PROB Ci25651 s (MEs CL2s42y)

3319
3320
3321
3322
3323
3324
3325
1326
3327
3328
3329
3330
3331
3332
3333
3334
3335

3376
3337
3338
3339
3340
3341
1342
3343
3344
3345
1346
3347
1348
3369
3350
3351
9352
3353
3354
3355
3356
3357
EELY
1359
3360
3361
3362
3363
3364
3365
3366
2367
3368
3369
3370
2371
3372
3173
1374
3375
1376
13177
2378
3379
3360
3381
3382
3383
3364
3385
3386
3387
3388
3389
3190
3391
3392
3393
3394
31395

81



82

~e o

-

~ee

ey

100 _FORMAT ¢ 25X2B0HTHEORETICAL ROCKET PERFORMANCE ASSUMING [OUILIS
2RTUM COMPOSITICN DURING EXPANSIONY

200 FORMAT ( 25Xs TOSHTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION DURING EXPANSION)

300 FORMAT 25X)BOMTHECRETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RIUM COMPOSITION DURING EXPANSION/A4xy28HFROM AN ASSIGNEL TIMPERAT
IURE }

“D0 FORMAT | 25X 2 7SHTMEORETICAL ROCKEY PERFUGRMANCE ASSUMING FROZEN
2COMPOSITION GURING : XPrNSTON/ 44X s 28HFROM AN ASSIGNEU TEMPERATURE]

500 FORMAT | 25%) T4HYHEGRETICAL THERMODYNAMIC PRUPERTIES AT ASSIGNE
2D PRESSURF AND TEMPERATURES)

600 FORMAT ( 25Xy TWHTHEGRETICAL THERMODYNAMIC PROPFRTIES AT ASSIGNE

2D TEMPERATURE AND PRESSURES)
[FLIPROB=21142410
17 [F'IPROB=4) 34kt
1 IFIME-1)12921412
1 WRITE OQUTPUT TAPE 6,100
RETURN
12 WRITE DUTPUT TAPE 6,200
RETURN
TF{ME-1}114s13el4
WRITE QUTPUT TAPE 6,300
RETURN
14 WRITE QUTPUT TAPE 64401
RETURN
WRITE OUTBLIT TAPE 6,500
RETURN
WRITE QUTPUT TAPE 6,600
RETURN

2
13

w

s

SUBROUTINE PERDER
OUTPUTS PERFORMANCE DERIVATIVES

COMMON. €
EQUIVALENCE (PERI) 100211y (PER(1691s  C(1170)
EQUIVALENCE { INy C(25394)
DIMENSION PER(13413)

FORMAT {15HO(DLI/OLPCIPC/P13F945)

FORMAT (15K (OLT/DLPCIPC/PI3F9.5)

FORMAT (leH {DLAR/DLPCIPC/PF8,5412F9.5)
FORMAT (168 (DLLS/DLPCIPC/PFB45112F9e5)
FORMAT (1SHOIDLI/OHCIPC/PR1I3F9.5)

FORMAT {15H (DLT/DHCIPC/PHIIE9.5)

FORMAT (16H (DLAR/DHCIPC/PREBLS,12F9,5)
FORMAT (16H (DLLS/DHCINC/PSFALS,12F9,5)
FORMAT (16H *{HC IN ECAL/GI)

FORMAT (13HOIOL1/DLPCP)Ss2X413FR,5)
FORMAT (13H (DLT/DLPCPYISY2X113F9,5)
FORMAT (15H (DULAR/DLPCPIS 13F945)

WRITE OUTPUT TAPE 61ks{PERIT42)s1214IN)
WRYTE OUTPUT TAPE 6,2+ {PERIT+2)sl=1aIN)
WRITE OUTPUT TAPE S(PER(T3) 9 In1s1IN)
WRITE QUYPUT TAPE 614+ (PERII45)s1o14IN)
WRITE OUTPUT TAPE 6455 [PER{T,73el2141N)
WRITE OQUTPUT TAPE 6464 (PER{Is6isl=1sIN}
WHITE OUTPUT TAPE 647e(PER(T¢8)s0x1aINY
ARITE OUTPUT TAPE 6180 {PERIT42014t=14IN}

DT NO P L W

SRy

WRITE GUTPUT TAPE 649

WRITE QUTPUT TAPE &,10s{PERLINI2}4
WRITE QUTPUT TAPE 6411eiPER(Is11141
WRITE OQUTPUT TAPE 64,120 4PER(IV13)sl=14INY
RETUAN

SUBROUTINE PFRNFY
QUTPUTS PERFORMANCE DFRIVATIVES

COMMON €

EOUTVALENCE (PER(1), Cr1002))s  [PERII6S)s  CU1170)
EQUIVALENCE(IN,) C12539))
DIMENSION PERI13,13}

FORMAT (15HO(DLI/DLPCIPC/Py9Xs12F945)
FORMAT (15M IDLT/DLPCIPC/P13F9451

FORMAT (16H (DLAR/DLPCIPC/P48X112F945)
FORMAT (16H (DLCS/DLPCIPC/Py8X112F945)
FORMAT (1SHO(DLI/DHCIPY/P#,5X112F9,5)
FORMAT (1SH {DLT/DHCIPC/PR13F9,8)

FORMAT {16H (DLAR/DHCIPC/P¥oBX912F905}
FORMAT [16H (DLCS/DHCIPC/PRo8Xs12F9s8)
FORMAT [16H ®{HC IN KCAL/G))

FORMAT [13HO{DLI/OLPCPISs11Xe12F908}
FORMAT [13H (DLT/DLPCP)542X»13F9,5

FORMAT 1154 (DLAR/OLPCPISs9Xs12F9e8]
WRITE QUTPUT TAPE &41e(PEQ(T2)9122)IN)
WRITE QUTPUT TAPE 6420 (PERITH1Ng1n2yIN)
WRITE QUTPUT TAPE §+3s(PER(I23)elm24IN)
WRITE GUTPUT TAPE 6440 (PERLISS)s1n24IN)
WRITE OUTPUT TAPE 645+ (PER(IT)slm24IN)
WRITE OUTPUT TAPE &45»(PER(116)yIn14IN)
WRITC QUTPUT TAPE &47,(PERLI48) 4 1m24IN)
WRITE DUTPUT TAPE 6484PERIINI0N+T=2,4IN)
WRITE OUTPUT TAPE 6,9

WRITE OUTPUT TAPE 6410, (PERTI,12)s15241N)
WRITE QUTPUT TAPE 6411stPERIIs11)sInsiN)
WRITE OQUTPUT TAPE 6,12, (PER{I+13)sln24IN)
RETURN

PR ST APV

~—O

SUBROUTINE READ
SORTS WHAT IS ON TAPE 12

COMMON C

EQUIVALENCE (N Ciltls (Js a2y
EQUIVALENCE (ANS 1)y L2511 [ANS{654), Ctat8)
EQUIVALENCE (PAR(1), CULT981) (PARI20B )} {10011
EQUIVALENCE (DER{L ), C01002) ),  {DERI16%)s 117011
EQUIVALENCE{AMOL (1) CUI1710 )y [AMOL (1365} C(2535))
EQUIVALENCE(IN, CI253901s  [LEN, Ciz2s411)
EQUIVALFNCE (KTAPE s Cr2566) 4

EQUIVALERCE{ANy CI2560))

DIMENSTON PAR{13216)1s0ERT13413)4AMOLI134105)sANSI454]
DO 1 T=31,IN
ne 2 J=lele

3396
3397
3398
3399
3400
3401
3402
3403
3ugs
3405
3406
3407
3408
3409
3410
3411
3412
3412
3414
3415
3416
3417
3418
3419
3820
3421
3422
3423
3u2a
3425
3426
3427
3428
3429
3430
3431
3432
3432
3434
3435
3436
3437
3438
3439
3440
364]
3662
3443
EXE TS
3445
3446
3447
3448
3449
3450
3451
3452
3453
3454
3455

3456
657
3458
3459
3660
3461
3462
34863
3uba
3465
1466
3467
LY
3669
3670
3471
3472
3473
3474
3475
3476
1477
1478
3479
3489
3481
3482
3483
36Bé6
3485
3486
3487
3488
3489
3450
3451
3492
3493
3494
3495
3496
3697
3498
3499
3500
3501
3502
3503
3504
1505
3506
3507
3508
3509
3510
3511
3512
1513
3514
3515




1

Ann

AnA

Ann

ann

w

00

2

-

)

PARII»J)sANSED}
N=1

DO 3 J=20.32
DERIT+NI=ANSL )

N=N+]

N=1

J=38

DO 4 JJ=1aNN

AMOL t T4 N1=ANS LY}

J=Jvs

N=N+i

IF(KTAPE~LEN) 100412100
READ TAPF 3, (ANSIK] K=1165%)
KTAPE=KTAPE+)

CONTINUE

RETURN

SUBROUT INE ONCE (NyM)
OUTPUTS ODD PRODUCTS

COMMON C

EQUIVALENCE{TEMI1)y Tl {TEM{1O) €101
EQUIVALENCE(FMTI1) s Ct1lide [FMT(3) e €13}
EQUIVALENCE (K Ctla))re 1597 cilsm

EQUIVALENCEITITLEIL) Cla79))e {TITLE(315}s CLT93))
DIMENSION M{105)9TITLEI35105) #TEM{20)sFMT(3}

ALF 192
ALF 16X2
ALF 2722
ALF 60Xy 2
ALF 53xy2
ALF 66Xs2
ALF 79X 2
ALF 92X2

ALF 165X+2
ALS 118%22
ALF 1M+
ALF LY
WRITE OUTPUT TAPE 64l
FMT(1)=FOR
FMT{3)=APE
TEM{1)=A
TEM(2)=8
TEM(3)=C
TEMi4)=D
TEMI{S)=E
TEMI6) =AA
TEM(7) =8B
TEM(B)=CC
TEMI9]=DD
TEMI103=EE
K=0

KE=10

DC 10 I=1.N
J=MiY
IF(I~-KK) 20420121
Kzg+]

GO TO 5

Kel

KK2KK+10

WRITE OUTPUT TAPE 6,1

FORMAT {1M )

FMT(21=TEMIK)

WRITE OUTPUT TAPE 64FMIaTITLEL29J)»TITLE(2sJ)
CONTINUE

RETURN

SUBROUT INE COMP
QUTPUTS COMPOSITION

COMMON C

EQUIVALENCE(FMT{1)s Cllis {FMT (L) Ctal)
EQUIVALENCE(TEM{1], C(511y (TEMIS ] CLgrl
EQUIVALENCE (Ky CiStle KKy 1o

EQUIVALENCE {AMOL( 1) Cl11710)s  (AMOL{13&5)s C(2535))

Cla?91e (TITLE(3151s C1793)

.

EQUIVALENCE(TITLE(L )

EQUIVALENCE(FOMIT( 1}y CLT98) %, {TOMIT(105)s C(898}}
EQUIVALENCEILESS{1), (B39}, (ILESS(105)s C(1003)3}
EQUIVALENCE!(IN, CU253%911s  (N» C125401)
EQUIVALENCE{ME Cr2542))

DIMENSION AMOL (1341051 TITLEI34105) ¢ 1OMITI105)¢ILESSI1I03)
DIMENSION FMT(4)1,TEM(G)

ALF {1H+,

ALF AbeF8,

ALF 51

ALF X2
ALF 36X92
ALF B4Xe2
ALF 92X92

SQOMIT ALF oMIT

wen

1
3

“

61
&0

FORMAT [1Xs2A692X913F945)

FORMAT {1HO» 11BHADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT W

1HOSE MOLE FRACTIONS WERE LESS THAN 0,000005 FOR ALL ASSIGNED CONDI
2T1ONS//)

FORMAT (1HO, 59HPRODUCTS WHICH WERE [NTENTIONALLY OMITTED FROM
ICALCULATIONS/ /)
TEM(1)2D

TEMIZ)%E

TEMI31=F

TEML6126G

FMT(13eA

FMT(31%8

FMT(41nC

K=o

KK 24

10M=0

ILE=0

TF(ME~1161160s61

WRITE QUTPUT TAPE 6144
1120

DO 9 I=1sN

CLA TITLE {141)

SUB OMIT

TNZ *10

3516
3517
3518
3519
3520
3521
3522
35213
3524
3525
3526
3527
%28
3529
3510
3531
1532
3533
3534
3535
3536
3937
3%38
3539
3540
3541
3542
3543
3544
3545
31546
3547
3548
3549
3550
2551
3582
3553
3554
3555
3556
3557
3558
3559
3560
3561
3562
3563
3564
3565
3568
3567
3568
3589
3570
31571
1572
3573
3574
3575

3576
3577
3578
3579
3580
3581
3582
1583
1584
3585
3586
3587
3588
3589
3590
3591
3592
3593
3594
3595
3596
3597
3598
3599
3600

83
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AnA
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wn

40
41

61

50

1OM=10mM¢1

fOMITEIOM) =1

GO TO 9

DO 11 Jel,IN
IFLAMOL(Js 1) -4 SE-05)11412,127
CONTINUE

[LE=TLE+]

[LESSt1LE) =]

60 T0 9

[FIME=1151450451

WRITE OUTPUT TAPE 641 »TITLEL2¢1)eTITLE(3 11 s tAMOL{Jds1) s U=1yIN)
G0 TO 9

Trall+l
IFIII~KK)Z00s2004+201
K=K+1

GC T0 S

K=l

KK=KK+4

WRITE OUTPUT TAPE 8444
FORMAT {1H 1}

FMT (2} =TEMI(K )

WRITE QUTPUT TAPE &oFMTATITLE(24 1)y TITLEI391) dAMOL (101 )

CONTINUE

IFCILE) 21420021

WRITE OUTPUT TAPE &ibé
WRITE CUTPUT TAPE 63

CALL ONCE [ILEsILESS)

IFLIOM) 31430,31

WRITE QUTPUT TAPE 6364
WRETE QUTPUT TAPE 6,4

CALL ONCE L 1CM4lOMIT)

RETURN

SUBROUYINE PERPAR
QUTPUTS PERFORMANCE PARAMETERS

COMMON C

EQUIVALERCE (NN( 11 [4RERN (NN(13),
EQUIVALENCE(PAR(L], CtT941 )y (PAR(208) 4
EQUIVALENCE(IN. CE25391 ) (MAY,
EQUIVALENCE (KODE » CL2546))

DIMENSION PAR{LAs16)2NN¢13)
FORMAY (58 PC/Pe10X)

FORMAT (8K Py ATM o7X}

FORMAT (9K Ts DEG Ks6Xs1319)
FORMAT (9H Hs CAL/Geb6Xs13F9.1)
FORMAT (159 Sy CAL/{GI(K] 13F9.6)
FORMAT (10HOM» MOL WTe5Xs13F9.3)
FORMAT (11H (DLM/DLPIT24X313F9.5)
FORMAT {11H (DLM/DLTIP.4X313F9.4)
FORMAT (15M CPy, CALZ(G)(K)213F9.4)
FORMAT {6H GAMMAI9IX413FSa4)
FORMAT (12H MACH NUMBER3X,13F9.3)
FORMAT {15HOCSTARY FT/SEC L1319}

FORMAT {3H CFs12X»13F9.3)
FORMAT 16H AE/AT9X+13F3.3}
FORMAT {15H IVACWLB=5EC/LBI3F9,1)

FORMAT (15H 1. LB8~-
IF{KODE~212+102
WRITE OUYPUT TAPRE
FORMAT (8HOP, ATM
GO0 1O 1

WRITE QUTPUT TAPE
CALL VAR(1})

WRITE OUTPUT TAPE
CALL VAR(2}

DO 60 I=lyIN
NN{T)=PARIIsD )¢5
WRITE OUTPUT TaPE
WRITE OUTPUT TAPE
WRITE QUTPUT TAPE
WRITE OUTPUT TAPE
IFIKODE} 64506
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE QUTPUT TAPE
IF(XODE~1141»4Dr4]
RETURN

WRITE OCUTPUT TAPE
DG 61 IalslN
NN(I)2PARIT15)+.5
IF (MAY-1) 5145045
WRITE OUTPUT TAPE
WRITE OQUTPUT TAPE
WRITE OUTPUT TAPE
CALL VARIID)

WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
FOMAT [15HOCSTARS

SEC/LB  13F9.1)

Gelll
[x23]

6410

Gell

Gal25(NNLTTol=1a1IN)

69130 (PARIIG )11 IN)
62142 (PARIES5) 41214 1IN)
63150 IPARIT6) 2 1=141N)

Gol6)(PARIT4B)#I=141IN)
62 1TH(PARIT 9 sT=l4INY
62183 (PARITa7)al=14IN)
6219+ (PARIT 100 =14IN)

61201 [PARCIW1Z2 pInlyIN)

1

6+31INN{T)}2lw20IN)
64324 {PAR{IT916)s1=241N}
6433

69340 {PARIT 41814 12241N)
6435, (PAR(T4131)1=2,41N)
FT/SEC +9Xel1219)

FORMAT {3M CFs21Xs12F9.3)

FORMAT [6H AE/AT+1BX912F%9,.3)

FORMAT (15H IVAC,LB-SEC/LBsIXs12F9al)
FORMAT (1SH 14 LB=SEC/LB +3Xe12F9s11
RETURN

WRITE OUTPUY TAPE 63219 (NN(!)slmlsINt

WRITE QUTPUT TAPE 6422+ (PARIT2161»1=12IN)

WRITE OUTPUT TAPE 6423

CALL VAR[11}

WRITE OUTPUT TAPE 64245 (PAR(Is141y
WRITE QUTPUT TAPE 6425+(PARLT V13,
RETURN

SUBROUTINE VAR!(INDEX)
SPECIAL FORMAT FOR PC/PsPy AND AE/AT

COMMON C

EQUIVALENCE (TEMMIL ], Cil)ds (TEMM(13),
EQUIVALENCE(AML1) Clladrs TAM{&)
EQUIVALENCE ITEM(L )y Ci1B1)y {TEM(& ),
EQUIVALENCE [FMT (1) Ct22re (FMT(3)

Cil3h)
Cr10011)
Ci25431)

ci13n
1Ty
ct21y)
ctaa))

3636
3637
3638
3639
1640
3541
1842
3643
3644
3645
3646
3647
3648
3649
3650
3651
3652
3653
3654
3655
3656
3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670
3671
3672
3673
3674
3675
3676
3677
3874
3679
3680
3681
3682
3683
3684
3685
3686
3687
3688
2689
3690
3691
3692
3693
3694
3695

3696
1697
3698
3699
1700
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711
3712
3713
3714
3715
3716
1717
3718
1719
3720
3721
3722
3723
3724
3725
1726
3727
3728
3729
3730
3731
3732
3733
3734
3735
3736
3737
3738
3739
3740
3741
1742
3743
1744
3745
1746
1747
3748
3749
1750
3151
3752
1753
3754
3755



EQUIVALENCE(PARIL] C(794})s  (PARI208)s  CI1001)) 3756
EQUIVALENCE(IN, C(253911s  {MAY, Crasas)) 1757
DIMENSION FMT(3)4PAR(129161 ¢ TEMIG) sAM(4 13 TEMM(13) 3758

SA ALF 14XsF 1759
S8 ALF 23XsF 3760
s¢ ALF 32XsF 3761
sp ALF 41XsF 3762
SE ALF 50Xy F 3763
SF AL" 59X 4F 3764
SAA  ALF 68X+F 3765
SBY  ALF T F 3766
SCC ALF 86XF 3767
SOD AL 95XsF 3768
S€EE ALF 106X F 3769
SFF ALF  113XeF 3770
SGG  ALF  122XsF 3771
SFOR  ALF  [1M*y 3772
SZERD ALF  5.0) 3773
SONE  ALF  9.1) 3774
STWO ALF  9.2) 3775
STHR  ALF 93 3776
SFR ALF 9.4 3777
TEMM( 1) =A 3718
TEMM{2)=8 3779
TEMMI3)2C 3780
TEMM{4) =D 3781
TEMM(5)=E 3782
TEMMUG ) =F 3783
TEMM{T)xAR 3784
TEMM(B)2BB 3785
TEMMI9)sCC 3786
TEMM{10)=00 3787
TEMMI111=EE 3788
TEMMU12)=FF 3789
TEMM{13126G 3790
FMT(1)=FOR 3791
IFCINDEX=2) 1223 1792

1 TEM{1)a140E04 1793
TEM{2)21.0E0% 3794
TEM{3)=1.0E06 3795
AM{1}=THR 3796

w0 2797

NE 3798

AM{4)=ZERO 3799

G0 10 & 3800

2 TEM(11=140 3801
TEM(21=1040 3802
TE*(3}2100+0 1803
AM{1}=FR 3804
AMI2)=THR 3805
AM{3)=TWO 3806
AM{4)=ONE 3807

GO 10 & 3808

3 TEM{1)=1040 3809
TEM(2]%10040 3810
TEM(3121000.0 3811
AM(1)=THR 3812
AM(2}=TWO 3813
AMU3)=0NE 3816

AM{4) =ZERO 38315

4 00 5 I=LsiN 3816

IF (1-1) 53,5053 3817

50 1F (MAY=1) 53,52¢53 1818

52 TF{INDEX=11) 5355453 3819

53 CONTINUE 3820
FMTI2)=TEMM(1] 3821

00 6 Jals3 3822
IF{PARI s INDEX) ~TEMIJ}) 100606 3823

10 FMT (31 2AMIJ) 3824

11 WRITE OUTPUT TAPE 6)FMT4PARII)INDEX) 3825

GO TQ 5 3826

6 CONTINUE 3827
FMT(3)=AM(4) 3828

WRITE OUTPUT TAPE &,FMT4PARLIINDEX] 2829

5 CONTINUE 3830

RETURN 3831
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APPENDIX D

PROGRAM LISTING FOR IBM 7090

MAIN PROGRAM

COMMON

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQIIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIVALENCE!
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION <O
DIMENSION
DIMENSION

1611 Cl11)y 1G14201, Ct4200)
(ANSELle Cl&213)r  [ANS(456), CLAT4))
{HSUM s Cla24) by  (SSUMy Cis25))
(WTMOL » Cla26))e (TP Cte27))
{OLMPTy Cta28kls  (DLMTP, Cie29))
(GAMMA , C(4301)y  (ARATION Ciadl )y
{VMACH C(432]1s  (SP IMP) Cie33))
{VACT, Cla3s)tsy  (CFy Cid36))
{RHOT Ci43731»  (RHOVAC) Cie38))
{RROy 14391}

{T Pl C144015y  (PI 1» Ciael))
{EP Pl Claa2y)s (AW Py Clasl)
{1 ETA, Cla45)}

(ETA 1o Clakbrls (EP ETA Clan?))
(AW ETAs ClakB))y (T SIGH Cl{450))
{516 Ts Cta51)1e  (EP SIG Cis52))

1AW S1G» Cia53))
(ANSLABLL)y CLBTS) I

(FORM{1) Ct132910y
(ELMT(1}, Cl13s4]),
(LLMT (1t Cl134s))s

(DATACLiy CE1359) 1
(MDATACLe (113593
(EN(L) Ct138211)

118YS, Cr1672) ),
(ACX, CL1476) )y
(AMX » Ci1aTe)),y
(RHOX» Ci16781)
[COEFX{1Yy CI14BO)

10X{11y Ci1500) )
{FORMLACLNs C115201)
{MMLATL) C11520))
{PRODILE)y CU1538}1s
(SYSTMIL)y  CU1581)),
IMTSYS(1s CL2541) )

(ANSLAB{456)s C{1328))
(FORMI15)s Ci1343)}
TELMTI15)s C{1358))
(LLMTI15)s C12358))
(DATAL23), ({(1381})
(NDATALI23)s Ct1381))

LEN{9D)» Cila711)
{JEAR, Ct1473))
{ACFy Ci1475))

{AMFy L1477y

{RHOF » Ctla79}y)

Jo {COEFX(20)e C(1499}})

tDX{20)s Cl15191)

+ (FORMLA{(18)» C(1537)1

tMMLAL18)s CU1537))
{PRODU3 ) C(154011}

{SYSTMILS ). C11555))
(MISYSE15)y  C{15554)

(OF s Ci1556) ), {FPCTy Ct1557))
[EQRAT, Ci1558)1

[XODE s CL1559) )y {KASEy C115601)
{KONT CL15611) INFy C(1562)1
(NOs C{1563))s {KE» Cl1564) 1
INQEQ, C11565))
(BOXi1)s CLITT131e (BOX(15)» C(1785})
(BOF(1)s C{178621s (30F(15)y Cl1800}1)
[4X s CO18Q1) e (HF, C118021)
IVXPLS, C{1803))s (VEMIN, C11804))
1WFPLSy CL18051)s (VFMINS Cl118061)

(EN LN(1)s  CilA8111,
TDEL N(l)e Ct195121»

{HO{1 )y Ci20413)
1501y Ci21311H)»
(X(1)y Ct22211)s
(DELTA(L)y  CI122811),
(BOC1)y CL226131»
POy C122761)y
{50 Ct22781)y
(T Ct22800 )
{ARY C12282)
(HCy Ci12284)

1

{PCPI11y Ct2286
(DATUMILYy  CU2311}

(PCy Ct23lat),
(IPROB, C123161)y
[RLETS CL2318) ),
(1STYM, Cr23200)
(IDID, Cr2322)1)
CIDRM, Ci2323))y
Ly Cr2325)),
My Cr23z7))s
(Ne Cr2329))s
(1G1L» CL2331))
(1Q3, C12333)),
LIMAT, €i23351)4
1 1ADD » C12336) 1,
LITAPE Ci2338) )
[ IDEBUG» Ci2360) 1)y
(ALY, C12342) 3.

(COEFTLi10s  C{3692))
ICOEFTZ2{1)a C15042))s
TCOEFTLINy  C(6392))0
TATOMII) s CITT42) 1,
{MATOMIL) e CU7742) 1),
[XOREs C{B047))
MT+DMT)

fEN LNI90]s C{1950)}
IDEL M(90)s C{2040))

(HOL90) + Ct2130))
(51900 €re220))
(X1200y Cl2240)1
IDELTA{20)s C12260))
(BO115)y 2215
IHSUBO» {2277
IT LN+ Ct2279))
(AAY LN» Ctz281))
{CPSUMs Ct2283))
(TC LMy (12285))
(PCPL25)y ct2ato)y
(DATUM{3)s  C12313))
(TCy 2315y
(TF1IXTs Ci2317H)
[ICOND+ Ci23193)
L{1PROD, 23211
{LDRUM, Ct2323))
{KORUM Ci2324))
{Lly C123261)
Ml ct2328h)
110y Ci2230h)
1102y €t23323)
(KMAY 5 Ct223413)
tIUSEs €(2335)}
{1TNUMB <2337}
Py C12339)}
t1FROZ, Ct2341)}

tA{1350)y C13691}}

s (COEFT1(1350)s 1504110

TCOEFT2¢)3501s C(6391))

(COEFTI135Q)s CUT410)
1TATOM(3G3) s CI6Q44}}
{MATOM(202}s C(BO&%]))

[HS sMHS ) 1 {TSaMTSHa{PToMPT) o {TP»MTP} o (DET4MDET)

{PROB s MPROB )+ {END 4 MEND)

ITMLMsMTMLS) o (BLKsMELK)

G{20+21)s A{15+9G) s
OEL MIS0)s HOI9O}s
DELTAL201s BO{15}s
COEFX1201a  OX(20}s

EN(30), EN LN{%0)
509G Xi20)
PCP(251 PROD{3)
FORML15)

EFT1115490) » COEFT2(15090})

ELMT{15) . DATA(23)
BOXi15}4 BOF(15))

DATLMIE3 )
ANS1654),

FORMLA(18}
SYSTMI15)

DIMENSION LLMT{15)sMY5YS(15)+MDATAL23)
ANSLAB (4541 COEFTI154+90)

DIMENS [ON
DIMENSION

MATOM{101e3},

ATOMI101+3)

H $=307362606060
T 576373862606060
P T=477363606060
T P=637347606060
DET=242563456060
ENDa254524606060
BLK=000000000060
OMITe864431636060
DMT=606080606060

READ IN IMPUT CATA

IF (1SY5-99) 401,403,401

READ TAPE 3,(Glils[=1s8044)

REWIND 3

IF (SENSE SWITCH &) &51»71%

0001
0002



401 I5Y5#99 0121
IFRO2=D

al22

PAUSE 11111 0123

429 CALL INPUY 0124
IF (L) 651:6514433 Q125

433 WRITE OUTPUT TAPE 6,483 HXsVXPLSIVXMINGHF sVFPLSIVEMIN 0126
1v (ELMT(I}+BOXITIsBOFI1}sl=1sL) 0127

443 FORMAT (10M1OXIDANT 3E16.6/10H FUEL 3E1646/{1H A642E20.8)) 0128
C 0129
< RIGHT ADJUST ELEMENT SYMBOLS 0130
< 0131
0O 447 K=1lsl 0132

TMLM = ELMT(K) 0133
ELMT(K) = ARSF(2ts TMLM)} 0134

8 TMLM = ELMTIK) *0 00077 0135
IF (MTMLM-MBLK) 44718871447 0136

1447 TMLM = ELMTIK) 0127
ELMT(K! = ARSF{6s THLM! 0138

447 CONYINUE 0139
IF(SYSTM{L#111453+9200453 0140

920 IF (SYSTMIL}) 9210453921 0l4l
921 DO 449 KalsL 0162
00 448 J=lsl 0143

TF (LLMTIX)-MTSYS{2)) 44848495248 Olad

4B CONTINUE o145
GO TC 433 Cleé

449 CONTINUE ala7

C 0la8
C CANCEL ~—-OMITS---FROM PREVIOUS PROBLEM 0149
C 0150
452 DO 1452 J=1.M 0151
COEFTL(19J) = OMT 0152
COEFTZ2(1sJ) = DMT 0153

1452 COEFTULeJ) = DMT 0154
TUSE=l 0155

GO TO 598 0156

453 D0 459 K=1415 0157
459 SYSTMIKI=ELMTIK) o158
CALL SEARCH 0159

598 IF (1USE=2) 600416351635 0160

< 0161
< SET ARRAY PROD TO 8Y'ASS ALL CONDENSED PHASES o162
c 01863
600 PRODI1)=040 0l64
PROD (21040 0165

IF (M~35) 198419851198 0166

1198 [F (%-70) 1994199+1159 0167
1199 IF (M-90) 20052001615 0188
K198 PRODCZ1=2377777777777 0169
8 PRCC(3) = 377777777777 0170
TMP=PRON{ 21 0171
PRODIL}=ARSF (M, TME } 0172

GO T 201 0173

199 M12 = M=35 0174

B PRODIZ) = 377777777777 0175
TMP=PRODI3) o176

PROD{ 21 =ARSF (M12sTMP} 0177

60 TO 201 0178

200 M12 = M-T0 0179
) PRODI3) = 377777777777 0180
R65 030248k m1zawes 8ial

201 lo=t 0183
101=16+1 0184
1Q2=101+1 0185
103=102+1 0188
L1=tel 0187
M1=M+1 o188

< 0189
< DETERMINE WHICH GASEOUS SPECIES SHOULD BE OMITTED FROM THE PROBLEM 0190
c AND WHICH CONDENSED SPECIES SHOULD BE USED IN THE FIRST ITERATION 01%1
4 0192
203 READ INPUT TAPE 7+204s(DATAUI)sI=1e8} 0193
204 FORMAT 14{2A6e3X31 0194

8 SIW=DATALL}#(-DMT) 0195
B LF(SIWI207+2204207 0196
207 DO 213 K=ls6 0197
DO 211 J=laN 0198

DO 209 (=243 0199
KK=29K+][~3 0200

8 SJIM=DATA(KK}#* (~COEFT2(1sJ1) 0201
a 1F{5)W) 211,208,212 0202
208 CONTINUE 0203
IF (J=M) 209420%»210 0204

209 CALL BYPASS (Js2) 0205
11209 GO YO 213 0206
210 CALL BYPASS 1Js3) 0207
11210 6O 70 213 0208
211 CONTINUE 0209
213 CONTINUE 0210
GO 1O 203 0211

220 CONTINUE 0212
DO 222 J=lw¥ 0213

CALL BYPASS(Js1} 0214

[F {IPROD - 2) 22192224221 0215

221 COEFT1ULsJ) = OMIT 0216
COEFT2(1+J)=0MIT 0217

222 CONTINUE 0218

C 0219
4 ARRANGE ANSWER REGION 6220
C G221
I=1 0222

DO 602 J=laN Q223
ANS(1)=COEFT2(LeJ} 0224
ANS{1+1)=COEFT2{2.J) 0228
ANSI1+42)1=COEFT2{30J) 0226
ANS{I+3) = 0.0 0227

602 I=l+4 0z28
k=4 oN 0229

605 |=K+34 0230
ANS(TIRANS (K] 0231

KaK=-1 0232

IF (K} 65106072605 Q233

607 DO 609 K=los34 0234
609 AMS{K} ® 0.0 0235
00 1700 1y 454 0236

1700 ANSLABIK] = ANSIK) 0237
DO 1701 J = 1 15 0238

0O 1701 K = 1y %0 0239
1701 COTFTIJeX} » COEFT10JeX] 0240



88

a¥ata)

ane

DETERMINE THE TYPE OF PROBLEM

700 IFROZ=1
701 READ INPUT TAPE 7,703,PROBIKA
703 FORMAT (AS,15]
IF (MPROB-MHS) 705,9011705
901 IPROB=]
GO TO 715
705 IF (MPROB-MTS) 7074902+707
902 [PROB=2
G0 T3 715
707 IF [MPROB-MPT} 7094903,70%
903 IPROB=3
60 70 715
709 IF [MPROB-MTP) 7114904,711
904 1PROB4
GO TO 715
71l IF (MPROB-MDET) 713,$05,713
905 1PROB=L
1FROZ=-1
O TO 719
713 IF (MPROB-MT16114429,63]
715 DO 716 K=1s25
T16 PCP(K1=0.0
r=0
i716 READ [INPUT TAPE 79 718415(5},K
IF(GIL)ITIS07194717
717 DO 1717 K=1,5

IK=1+K

1717 PCPUIK)I=GIR)
I=1+%
GO 7O 1718

T1B FORMATISF1042)

SE

=1e51)

DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

T19 READ INPUT TAPE 7,7211EQRAT D F,F PCTPCHTCHXODE L IDEBUG

721 FORMAT {5F10.24+15+16Xs11)
IF (EQRAY) 725,725,723

123 0 F=l-EQRAT®VFMIN=VFPLS )/ (VXPLS+EQRATRVXMIN)

F PCT=10040/114G+C F)
GO TO 749
725 IF 1D F) 73147314727
727 F PCT=10040/(14040 F)

729 EORATxABSF{{Q FHVXPLS+VFPLSI/ {0 FRYXMINSVEMING

G070 745

731 IF {F PCT) 70007004733

733 0 F=(100.0-F PCT)/F PCT
IF (2 F)  71941733,729

1733 1F (VFMIN] 729, 746,729

745 1F 10 F} 719,746,746

Ta6 DO 747 1=14L

TaT BOLII=(Q F#BOX{I)+BOF(1))/{1a
IF (IPROB=1) 65147694748

748 HSUBO=040
50 T2 755

749 HSUBD= (0 FRHX+HF /(1,040 F}

755 WRITE OUTPUT TAPE 6+760+KASE,PROBsO FoF PCT+EQRAT+PC+HSUEQ

1 (80(Iyslal,l)

TEO FORMAT (1ML15»2XsA6/1H 4E1748/(1H TE174B)}
&

HSUBO=HSUBO/ 149872

B0 1771 1 = 1, 454
1T71 ANS(1) = ANSLABI(I)

RHU=RHOX+0 F#*RHOF

EF (RHOJ 77247724771
771 RAO=1140+0 F) *RHOX¥RNOF /RHO
772 DO 1772 I = 1y 454
1772 ANSLABIL) = ANS(])
775 IF (IFROI) 77746515779
777 CALL CORE4

IF {KORE) 1477941
779 CALL CORE2

GO TO 1

ERROR PRINT OUT

631 WRITE OUTPUT TAPE 646334PROBy

©33 FORMAT [2THITHERE 1S NO PROBLEM ASeZXel5)

GO TC 651
635 WRITE QUTPUT TAPE 64617

637 FORMAT [4THITROUBLE 1N COMPILING MASTER THERMUDYNAMIC TAPE)

REWIND &
539 READ TAPE 4, (DATAII)sT21223]

IF JMDATEL1I=MEND) 6354900463

SOC WRITE CUTPLT TAPE £,643, {{COFFT1(K,J),K
WRETE GUTPLT TAPE 636430 {(COEFT20K 1] 4K

643 FORMAT (1% 3AG42F1%eisdFHaly
651 REWIND &
PAUSE 77777

0+0 F»

KASE

UT TAPF 645400 (DATATINy1=1423)
B4l FORMAT 1% 2A642F 10017001 2F8a1¢7E16uatt}

9

I12e4/7)

210091 4N]
[SUSENESET T

0241

0242
0243

0244
0245
0246
0247
0248
0249
0250
0251

0252
0253
0254
0255
0256
0257
a258
0259
0760
G261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281

0282
0283
0284
0285
0286
0287
0z88
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300

0301
0302
0393
0306
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0219
0320
0321
0322
0323
0224
0325
0326
0327
0328
0329
0330
0331
0332



SUBROUTINF SEARCH 0333

P 0334
c 9335
COMMON € 0136
EQUIVALENCE  (5t1)y Ct1re (614201, C(4201) 0137
EOUIVALENCE  [ANSTils CH82101y  [ANSTeSuly Ctaier) 0338
EQUIVALENCE  {HSUM, Ciu24)bs  [SSUMy Cre2si 0339
EQUIVALENCE  [WTMOLs Cra26b)s  (CPy Craz7n 0340

UIVALENCE (OLMPT Cla28) )y (OLMTP . CLa291) 03sl
JIIVALENTE CGAMME, CLa30) ) {ARATIO Cta3ll) 0362

EUUIVALENS (YMACH, Craszys,  ASP IMP. 43331 0343
DUIVALERCE  (wACT. Crasuliy  (CFs C(e3611 0364
LQUIVALENCE TRHOT CtadTi (RHCVAC s Stadeld [CED
EDUIVALENCE  IRHO, Ces39)1 03h6
UGG TVALENCE (T Pl 156011s  (P1 Tv Craatyy 0347
EIUIVALENCE  1EP Pl Cias2tds (AW PIs Ciaaan) 0348
ERUIVALTNCL 1T ETAs Clansiy 0349
FLUIVALENCE  (TT4 T Craasile (EP ETAs Clanty) 0350
EGUTUALENCF (AW EThy ClaaBy)s (T S1Gs Ctasny)) 0351
FUUTVALERTE  (a1G T Ci451))s  {ZP S1Gy Cie52)) 0352

1AW SECa £1u53)) 0353

(ARG AL [Lis CIATS))s [ANSLARI&SG)s CI132B1} 0354

[FORM(I)s  CI1329))s (FORM{15)y Cl1i343)) 0355

CELMT(:) s ClE3460)s  (FLMTU1S)s CI1358)) 0356

CLLMTi1)s  Cridkdlds  (LLMTC1S)y C1358)) 0357

SOUTVALENCE  (DATA(J1s CC1259)), (DATA(23)y C[13811) 0358
EGUIVALENCZE (MDATALTY CE1359) 1 {MDATAI23)s C(138101} 0359
I IVALENSE CFNCL Yy CA12821 1 TFNTSGe TilaTlny 0360
ECUTVALENCT  H1SYS, CH1aT210s  (JEANS ce1e73) 0351
ESUTVALENCE  {ACXa CllaTuble  UACF, C{14751) 0362
EQUTVALENCE [AMX s Cr1a7&) )y [AMF » CH1477} 03861
EGUIVALINCE  (RHOX» Cl1478))s  (RHOF c(1%791) 0364
EDUTVALENCE  (CQEFX(1bs CU14BD)ry {COEFX{201w C11499)) 0165
EQUIVALENCE  (UXt1bs C(150001s [0X(201s  C(1519)1}) 0366
EGUIVALENCT  (FORMLAI}1»s CH152010s (FORMLA[LIB)y C11537)) 0367
EQUIVALENCE  (MMLACLEs  CU1520)1e  [MMLALLBIs CU1537)) 0368
EGUIVALERCE  IPROGI1Hs CI15361hs (PRCCIZNs  CL1540)) 0269
ECUIVALENCE  [SYSTMIN)s CI19610bs  (SYSTMINS)s  CL1558)) 0370
EQUIVALENCE  IMTSYSC1)s CL1541)0s (MISYS(IS8)s CU1555)) 0371
EQUIVALENCE  (OF» 0155611 (FOCTs  CU15573) 0372
EQUIVALENCE  (ECRAT, Ce15587) 0373
EQUTVALENCE (XODEs £1155931s  (KASE, C(156011 0374
EQUIVALENCE  (KONT,  €(1561)1s  (NF4 L1523 0375
EQUIVALERCE  ENCs C{15631)y (NE, Ci156a1) 0376
ECUIVALENCE  [NOEG, C(1565)) 0377
EQUIVALENCE  (BOX(1)s C{17711)s (BOXI151s  C(1785)) 0378
FQUIVALENCE  (BOF(1)s Ct1786)1s (BOF(15)s  CU1EBDO)) 0379
EUUIVALENCE  (MXa CH1801))s {HF4 Ci1802)1 0380
SQUIVALENCE  [VXPLSs CI1B03)be [VXMINg CL1804)) 0381
EQUIVALENCE  IVFPLS: CI1BOS)hs (VFMING C11806) ) 0382
EODIVALENCE  [EN LN(IYs CI18611)s (EN LNI9O)» CL1950)) 0383
FOUIVALENCE  TDEL N(1)s CE19511)s (DEL NI901s CI2040)) 0384
EQUIVALENCE  (HOCIYs C(20613)s (HOL9Q1 s 1213011 0385
SOUTVALENCE  (S(13s CL213110s (S(901s ci22201) 0386
FQUIVALENCE  (X(1)s CH2221100 (Xi20}s 1225011 0387
EQUIVALENCE  (DELTA(I}e CiZ24131s (DELTA(201s CI22601) 0388
EGIVALENCE  (BO(1)e Ci226111s (RO(151s €122751) 0189
EGUIVALENCE  (POs C122761)s (HSUEOs ci2277)) 0390
(SUIVALENCE (50w Ci2278)1s (T LNy cizaT9n) 0391
FQUIVALENCE  (Ty C12280)1s (AAY LNy Cl2z81)) 0392
EQUIVALENCE  (AAYs C12282)1s 1CPSUMs €12283)) 0393
EQUIVALENCE  (HCo Ci22B4))e (TC LNs C122851) 0394
FOUIVALENCE  IPCPILYy Ci2286)1s (PCPI25)s  C123101) 0295
FOGIVALENCE  IDATUMII)s  CI2311)bs (DATUMIR), CI2313)) 0396
EQUIVALENCE  (PCa Cr23163)y (TCh €r2315)) 0397
EQUIVALENCE  (IPROR) Cr231610 (IFLXTy Ct231738 0398
EQUIVALENCE  (IHSs C123181), (ICONDs (231911 0399
LQUIVALENCE  €15YM, 1232011 {1PROD. c1232111) 0400
ECUTVALENCE (101D, C1232211s (LDRUMs c(23zan 0401
EGUIVALENCE {TLRM C123231)s {XDRUMy 1232809 ouQ2
EGUIVALENCE (L 1232510, (Lls 1232611 0a03
EOUIVALENCE  (My C(2327) 00 (Ml Ci2328)) 0404
EQUIVALENCE (% Ct2329))s (104 C123300) 0405
EQUIVALENCE {101y Cr233ldse (102s C12332)) 0406
EQUIVALENCE {107, Ci2333)14 {KMAT, Ci2334)) 0407
EDUIVALENCE  1[MAT, Ci2335) )y (IUSEs C12335)) 0408
ECUIVALENCE  [1ADD» C12336))0 (ITNUMB, C123371) 0409
EDUIYALENCE  (1TAPE, Cr233810s (Ps €123391) 0410
£UTVALEN C1DEBUG C123401)s 1IFROZs Cr23a1)) 0411
UIVALENCE  (AC1D, Cr23423)y  (A(1350)s C13691)) 0412
ESUIVALENCE  (COEFTIC1»  C(3692))» (COEFT11135C)1s C(3041)) 0413
ENUIVALENCE  (COEFT2(11» C15042)1)s (COEFT2(1350)y C16391)) 04l4
SOUIVALENCE  (CQEFT(11e C(63923)y (COEFTU1350)s CUTT411) 0415
EOUIVALENCE CATUM(1Ys CUTT47213s (ATOM(I303)» C18044)) D4alé
EOUIVELENTE  (MATOMILls CCT74211s (MATOM(3031s Cla0441] 0417
FOUIVALTNCE [C129MM) s (E29E] s [ENLMEND | o (BLKSMBLK Y s ( RENSMRPH ca18
EQUIYALENCE GASPMGAS )2 {SOL#MSOL 8 (HLIQsMLIG s (RLPNMLPN) Q419
UTVALENTE (710sMC101s(PLESIMPLS s (SYMBL pMBL ) s (BMINSMMIN) 0420
FTMP ]y MTMPL) 0a21

0u22

0423

LIMENSION  GL20s211s  AL15»90)s  ENL90), EN LN{50} 0424
DIMENSION  DEL N(%0)s HO(9C]s S190)s x120) 0425
UIMENSION  DELTA(201s BO(151s PCPE25) PRODI 3) 0426
OIMENSION  COEFX(201s OK(201s FORM{15} 0427
DIMENSION COEFT10154501 o COEFT20(150901 0428
DIMENSION  ELMT{15)s  OATA1231s  DATUM(3)s»  FORMLA(18) 0429
DIMENSION  BOX{(15}4 B0F(15), ANS(4541s  SYSTMIL1S) 0430
DIMENSION LLMT(15) 4MTSYS{15] sMOATA(22] 0431
DIMENSION  ANSLAB(454),  COEFT{15+90) 0432
DIMENSIDN  MATOM(1C143)s ATOM{101e3) 0433
DIMENSTON MMLA{18) 0434

< 0435

C 0436

B BLK =000000000060 D637

8 RPN=000000000034 0438

8 BLPN=00000000007% 0439

8 GAS=000000000027 0640

8 SOL =000000000062 064l

8 BL10=000000000043 042

8 PLS2000000000020 0443

] BMIN*000000000040 O4an

9 £2000000000025 0445

3 END=254524606060 0446

B €10=000000000012 C4a?

8 €122000014000000 0448

B CF102000012000000 0449

4 0450

c 0451

KION=2 0452



90

2%l

Ana

oo

-

~

w

=

- o

92s

21
926

o8
51

55
57

59
558
63
87
69
330
333
959

1T

L33
980

as
a9

93
95
96
9270
7
7S
101
107
111

los
109

121
133

137

00 1 K=ist

TF {LLMT(R1-ME) 10201
CONTINUE

G0 TO 3

K{OK=1

TEMPRELMT(K}

ELMT(K ) sELMT (L)

ELMT(L)=TEMP

150t40

Mag

DO 4 Jelois

DO 4 K=1.90

COEFT2(JsK) = 040

COEFTI(J1Ki = 040

DO 6 Jxls1350

ALJY * 0,0

REWIND &

READ TAPE 4+ IDATALI}+1e1423)
IF (MDATA(1]-MEND) 90041714900

UNPACK THE BCD FORMULA FOR THE PRODUCT

DO 16 I=ly2
DATUMI(T1=DATAL])
J=1

1=1

K=0

TMPL1 = DATUM(1)

FORMLALY) = ARSF{30,TMP1)
DATUMI) | ® ALSF(§ 2TMPL)
JEJr]

IF (x~6) 928,925,21

K = K+]

60 70 17

IFL{I-1) 9260926425

BEGIN SEARCH FOR FIRST NON BLANK ALPHANUMERIC CHARACTER

Je12

J= i

IF (MMLA{JI-MBLK] 35,950,35

IF 1J=-1) 30,305,951

J s oJ-1

60 10 29

WRITE OUTPUT TAPE 6431 (DATA{LIsI21s3]

FORMAY (14H THE FORMULA 3A6+33H 15 INCORRECT CN THE MASTER 1APE)
GG 10 7

IF (MMULA(J]=MRPN) 30+952,30
Jo= -1

IF (MMLACJ)I=MGAS] 953,39,953
TF (MMLAGJI-MSOL] 956414954
IF (MMLA(J}-MLIOI 30:41,30
1TYPE=)

IF (MMLATJI-MLPN) 304955,30
J=u-1

OBTAIN AND STORE THE FORMULA NUMBERS A(K»J)

DO 48 K=1418
FORM{X)=040

MLSW=]

NUMB=O

1CNT=D

JCMTa )= 1CNT

IF (JCAT! 30081459

1F (MMULAGJCNTS = MCLO0) 958167367
GO TO (63+85)4NLSW
ICNT=ICNT)

GO 1O 87

GO TO {69463} sNLSHW

IF (ICNT) 959,330,959
IF(KION-1)30:333,30
NLSwW=2

GO 10 57

IF (ICHT-2) 77,7330
NUMB = MMLA{J~-1} * 10
TMP1 = FORMLA(J}

TMPL = ALSF(L8,TMPL)
TMPL « TMP] & 37777777%7717
TMP2 = FORMLA(J] ® 4000
TMP] = TMPL + TMPZ

NUMB s NUMB+ MTMPL
VALUE =MUMB

J=Jd=1CNT

NLSW=2

G0 TO 85

GO TO (30yB5),NLSW

IF ITCNT) 9604304960
SYMBL = 0.0
TFINUMB ) 88+95 486

TF 11CNT=2) 93489430
THP1 = FORMLA!J=1)
SYMBL = ALSFI6+TMPY)
MBL = MBL ¢ MMLA{J)

G0 TO 107

1F{JCNT 130430496

IF IMMLA({JY-MPLS) 974970497
FORMIL I ==1CNT

GO TO 109

IF (MMLA{J)~MMIN]) 10749755107
FORM{L)=ICNT

G0 10 109

00 111 Kelei

IF IMBL-LAMY(X}) 1124105111
CONMYIRUE

GO 70 7

FORM{K ) =VALUE

J=J-1CNT

IF 1J) 30412151

IF {ITYPE=1) 30,133,137
MeMal

L]

GO 70 143

=90~ 50L

1SOL™ISOL+1

0433
0454
0455
Da36
0857
oase
0459

0461
0462
0663



~nn

AnAannn

145

151

15

w

159

1955

1959

173
175
177

181
182

1ss

1Be

185

DO 147 K=}yL
AlK»J) =FORMIK)
CONTINUE

ARRANGE THERMODYNAMIC DATA IN CORE ORDERED BY [NTERYVAL

1T=0Q

TEMP = DATA(1}
DATA(1} = DATAL3)
DATA(3) = DATA{2)
DATAL2) = TEMP
DO 155 K*115

COEFT1{X»J) = DATALK)
DO 159 K=6»l4

KIT= K+17

COEFTY(KeJ) = DATA{KXITY
ITelT+9

DO1955 K=1»5
COEFT2{KeJ) = DATALK)
001959 K=boldh

KIT = K+IT

COEFT2{KsJ) = DATAIKIT)
GO 7O 7

GO TO NEXT MOLECULE

ELIMINATE GAP BETWEEN GASES AND CONDENSED PHASES

N=M+ISOL

1usE=1

1F (N=90) 175,225,181

IF (150L) 17742250184
TUSE=2

GO 70 225

WR1TE OUTPUT TAPE 61182
FORMAT (454 TOD MANY REACTION PRODUCTS FOUND ON THE TaPE)
TusE=2

6O 1O 225

KK = 90-150L

DO 186 4 = 1» 110

M4 o= Wy

Ry = KK ¢ J

0O 186 K = 1.1%
CUEETTIKAMII = CUEFTLIKKIY
LD 185 J = 1s150L

MY = oMy

XJ = KK+ J

00 185 K = 111%
COEFT2(XsMI) = COEFT2IK X0}
PO 219 Js1alS0L

NI

S o= KK +J

0O 217 X=1s15

AiKyMI) = ALKSKJ)

CONTINUE

CONTINGE

60 10 225

RETURN

0573
0574
0575
0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586
0587
0588
0589
0590
0591
0592
0593
0594
0595
0598
0597
0598
0599
0600
0601
0602
0603
0604
0605
0606
0607
0608
0609
0610
0611
0812
0613
0614
0615
0616
0617
0618
0619
0620
0621
0622
0823
0624
0625
0626
0627
0628
0629
0630
0831
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faXa)

mAAAAA

SUBROUTINE BYPASS [Js1ARG) 0632

0633

0634

COMMON C 0635
EQUIVALENCE (Gl1}e Ci1l 1G(a20) s Cl420)) 0636
EQUIVALENCE (ANSEL]s Cle210)0s  {ANS{458), [SL.2L301 0637
EQUIVALENCE IHSUMy Cla26))s  [SSUMs Cla2hyy 0638
EQUIVALENCE [WTMOL» Cla26)ls ICPy Cie27y) Q639
EQUIVALENCE (DLMPT, Clta28)1s (DLMTP, Cle29)) 0640
EQUIVALENCE 1 GAMMA Cle30) ) IARATIO Cis3ln) 0641
EQUIVALENCE {VHMACH, Cla32) ) (SP 1mP Cie33)) 0642
EQ FIVALENCE {VACT, Clads) ) (CFy Ci436)) 0643
EQUIVALENCE {RHOT, Cla37hhs  (RHOVAC) Ciede)) LLT2]
EQUIVALENCE {RKO» C1439)) 0645
EQUIVALENCE {T Pl CLaa0l)s (PI 1y Ctesl)y 0646
EQUIVALENCE {EP P1y Clas2) )y (AW Pl Ctesdyy 0647
EQUIVALENCE {7 ETAs Claks)) 0648
EQUIVALENCE (ETA 1 Clad6)ls (EP ETAy CinaT)) 0649
EQUIVALENCE (AW ETA» Cland))y IT 51Gy CLa501) 0650
EQUIVALENCE 151G I Cta51)1s  1EP SiGs Ci652)) 05851
EQUIVALENCE {Aw SIGe C(453)1 0652
EQUIVALENCE {ANSLAB(11» C(87511s (ANSLABL&5&), C1{132€)) 0653
EQUIVALENCE (FORM{1) Ct1329))» (FORMII5)y CU1383)) 0654
EQUIVALENCE (ELMTLL)e Cl1344})y (ELMTI15)s Ci1358)) Q655
EQUIVALENCE {LLMT(L) Cl1344})y  (LLMTI15)s Ci1358)1) 0656
EQUIVALENCE (DATA{L)s CU1359)1s (DATAL23)s C{13B1)) 0657
EQUIVALENCE {MDATA{1is C(1359))+ (MDATAL23}s C(13B1)) 0658
EGUIVALENCE {ENCL)w C(1382)1,s (ENI90), Ct1a711) 0659
EQUIVALENCE {18Y5, Cila72b1y (JEAN, Ct1473)) 0660
EQUIVALENCE CACX Cl1a7411, (ACF) Cr167%5)) 06681
ECUIVALENCE {AMX o CL14763) s (AMF ) CL1I4TT7)) 0662
EQUIVALENCE {RHOX o C(14781)» (RHOF» Ceia79) 0663
EQUIVALENCE {COEFX(1l}s Cila80))s (COEFX1201y C{1899)) 0664
EQUIVALENCE (DX} Cl150031» (DX(20)» Ct1519)) 0665
EQUIVALENCE (FORMLAtLYs  C(15203)s (FORMLA(18]y CIL1537)) 0666
EQUIVALENCE IMMLALL) . Ci15201)» (MMLA(181r CI1537)) 0867
EQUIVALENCE (PROD{1l}s C(1538)1)» (PRODI(3)}s CI1540)) 0688
EQUIVALENCE (SYSTMIL)y CL1S813)s  (SYSTMULS5) Ci1555)) 0669
EQUIVALENCE (MYSYS{1)s CL154120s (MTSYS(155s CU15551) 0870
EQUIVALENCE {OF, CL1556) s (FRCTe C11557H) 0671
EQUIVALENCE {EQRAT (155811 0672
EQUIVALENCE (XQDEs Ct1559) ) (KASE s 15600 06732
EQUIVALENCE (KONT CL1561) )0 {NF o C(1562}) 0674
EQUIVALENCE {NO» C{1563)1s (NEs CIL5643) 0675
EQUIVALENCE {NOEQs (11565}) 0676
EQUIVALENCE 180X(1}y COITT1))s {BOX(15)» (17053 0677
EQUIVALENCE (BOF (1} C{1786)1s (BOFL15)s C1180at) 0678
EQUIVALENCE {HXy C{1801))e (HFy ci186021) 0679
EQUIVALENCE {VXPLSy CU1803))» (VXMINS Ci118041) 0680
EQUIVALENCE (VFPLSy C0180532s (VFMIN, C118061) 0681
EQIIVALENCE LEN LNT1)s C(186113s (EN LN(SO)» C11950)) 0682
EQUIVALENCE (DEL Nf1}s C{195133s (DEL N(90)» CI2040}) 0683
EQUIVALENCE 1HOt 1y CL2041 4 1s (HOI(SQ)w L2130 0684
EQUIVALENCE {511} Ci2131}1s {(5{9Q) e 122200 0685
EQUIVALENCE [E3REX] Cl222101s (X{20%s C12240)) 0886
EQUIVALENCE (DELTALLYs CH22413)s IDELTAC2010 C12260)) 0687
EQUIVALENCE PBOTLN C{22611)s (AO(15)s J12275)) 0688
ECUIVALENCE (PO Cl22761)s {(HSUBQs 221 0689
EQUIVALENCE 150y Cl2278) 1y T L(N» ce2zIom 0690
EQUIVALENCE T C122801)s (AAY LN» crzzany) 0691
EQUIVALENCE [AAY . £12282%8 1y (CPSUM, €t2283)) 0692
EQUIVALENCE (HCy C0228533s {TC LNy Ct2285)) 0693
EQUIVALENCE (PCPIL)e C1228611y (PCPI25), cr23lo)) 0694
EQUIVALENCE {DATUMIL) s  CH231113s DATUMC3) C12313)) 0695
EQUIVALENCE (PCy Ci2314)ke {TCy Cr2315)) 0696
EQUIVALENCE (IPROBs Cl2316))s (IFIXTs C12317)) 0697
EQUIVALENCE (1HS <(231811s (ICOND, 2319 0698
EQUIVALENCE {1SYMy €1232011» {IPROD. Ccr2321y) 0699
EQUIVALENCE (IDIDy C1232211s {LORUM» C12323)) Q700
EQUIVALENCE {IORM, C12323})1s {KDRUM, CL2326)) 0701
EQUIVALENCE Ly C1232531s {L1le 23261 0702
EQUIVALENCE My Ci2327 1 (Mls Ct2328) 0703
EQUIVALENCE Ny 1232911 (10 Cr23300) cr04
EQUIVALENCE (101 C1233])1s (10Q2e CL233zy) oras
EGUEVALENCE (103 C123331 s (KMAT, CE2334)) 07086
ECUIVALENCE LIMATy C12335))s (IUSEN Cr233541 o707
EQUIVALENCE 11ADDy C{233611 (ITNUMB4 CL2337+1) 0708
EQUIVALENCE LITAPES Ci23383)s (P Ct2339) 0709
EQUIVALENCE { IDEBUG, C(234011s (IFRQZ, Cr23w«1)) artio
EQUIVALENCE 1AL Cl2342)1s  {AL1350)s C13691)) 0711
ECUIVALENCE TCOEFTI(1)e  C(36921)s (COEFTII1350}, CU5041)) 0712
EQUIVALENCE TCOEFT2(1}s CU5042)0s (COEFTZ2(135CH, C16391)) 0713
EGUIVALENCE TCOEFTIL)» CU6392)1e (COEFTILAS0}Y CULTT41)) 0714
EQ'JIVALENCE CATOMIT Yy CUT7742))s {ATOMI303)s C(BO44]) 0715
EQUIVALENCE (MATOMIL) s C{TT42)1s (MATOM{303)s C(8044)) 0716
EQUIVALENCE (CONSsJFCONS) s {MTEMP, TEMP) 0717
0718

N9

DIMENSION Giz20e2l)s Al15+900 EN(SQIs EN LNI9O) 0720
DIMENSION DEL Wi90}s HOU30)s 5(90)» xtzo) 0721
DIMENSION DELTA{20)s BO{1S)s PCRI25) s PRODI3) o122
DIMENSION COEFXi20}s DX(20)s FORM(15) 0723
DIMENSION COEFT1{15+90} » COEFT2{15+%0} 0724
DIMENS | ON ELMTI15) 4 DATAL23) DATUM{3 1, FORMLAL18) Q725
DIMENSION BOX(15), BOF(151 ANS (4541 SYSTMILS) 0726
DIMENSION LLMT(15)sMTS5YS{15}+MDATA({ 22} 0727
DIMENSION ANSLABLGSLY, COEFTI154901) 0728
DIMENSION MATOM{ 101431y ATOMIL10L+3]) 0729
0730

0731

TARG=1 MEARS TEST ONLYs IARGE=2 MEANS ELIMINATE A SPECIESs JARG=] 0732
MEANS ADD ANOTHER SPECIES 0733
0734

CONS=] 0735
MLM=J 0738
IF (J-35) 2429102 0737
102 IF (J=70) 1sls101 0738
101 K=3 0739
MLM=J-70 0740
GO T0 3 0761
1 K=2 a7r62
MLM=j=-13%5 0743
GO TO 3 0Te4
2 K=l 223
3 IF (IARG=2) #35,7 0746
4 IPROD=2 0%47
KLM = 35-MLM C748
TEMP = PROD{K) 0749
TEMP = LRSF{KLM:+TEMP) 0750

1F {TEMP®CONS) 12410412 0781



-

>0

{PROD = 1

GO TG 10

KLM = 35 — MLM

TEMP = PRODIK]

TEMP = LRSF(KLMsTEMP}
IF (TEMP # CONS! 1046»"
TEMP = TEMP +1

PROD(K] = LLSFIKLMaTEMP)
IF(M=J111+10220
1Q3=1G2

102=101

10110

19 =10-1

GO TO 9

KLM = 35 — MLM

TEMP = PROD(K}

TEMP = LRSF(KLM,TENMP]
IF (TEMP # 1) 110elusll
MTEMP<MTEMP-JFCUNS
PRODI{K) = LLSFiKLMs TEMPY
IFIM-J112151010

1o = 1Ql

1Q1=102

102=107

101=1Q3+1

SENSF LIGHT 4

RETURN

0752
0753
0754
0755
0756
0757
Q758
0759
0760
0761
0762
0763
0764
0765
07686
0767
0768
0769
0770
0771
0772
0773
0774
0775
0776
0777
o778

93



94

~

®ANA

o cox

SUBROUTINE INPUT

COMMON C

EQUIVALENCE  (Gl1),
EOUIVALENCE  (ANSID)
EQUIVALENCE  (H5UM,
EQUIVALENCE (WTMOL y
EQUIVALENCE  {DLMPT,
EQUIVALENCE  (GAMMA,
EGUIVALENCE  (VMACH,
EQUIVALENCE  (VACT,
EQUIVALENCE  (RHOI,
EQUIVALENCE  (RHO,
EQUIVALENCE (T PI,y
EQUIVALENCE (EP P11,
EQUIVALENCE (T ETA,
EQUIVALENCE  (ETA 1,
FOUIVALENCE (AW ETh,
EQUIVALENCE ISIG 1y
EQUIVALENCE  [AW SI1Ga

EQUIVALENCE

Ctl e
Clazltiy
Cia241 1,
Ciuzatiy
Cla281),
Ci430} 1y
CladZrty
Cla3d) g,
Ctad?) ),
Cta3y
Clas0) )y
ClebdZ))y
Cl445))
Cludb) by
CluaB) )y
CtaBltte
Cta531y

TANSLAB {1 1s C(BT5) ),

EQUIVALENCE (FORM{1)« CL132%31y {FORMILS) CLI34%))
EQUIVALENCE TELMYCL)Y CL13454)1, {ELMT{15}» CL1358))
EQUIVALENCE LLLMT L. C11384104s  (LLMTC1ST, CI1398))
EQUIVALENCE {DATA(L}s CL175931s {DATAL23)s CIL13B1))
EQUIVALENCE {MDATA(L1)s CU1359)1, (MDATA(23]s CI1381))
EQUIVALERCE LENTL)y Ct1382H1a  1ENI9O), ciisT1)
EQUIVALENCE {115YS, ClL1a7203 tJEAN, Cl1e73)
EQUIVALENCE (ACX CllaT401 ), LACF, Clia75)t
EQUIVALENCE CAMX CL1a761), TAMF o Cl14774)
EQUIVALENCE [RHOX Cl14TB) )y {RHOF » Ci1a?91)
EQUIVALENCE TCOEFXt) by Ct14B011y, (COEFX(20)s CI1499))
EQUIVALENCE DXL CL1500 e  (DX{201 ci1sion)
EQUIVALENCE {FORMLA(1ts  C1152011s (FORMLA(181y C{1537))
EQUIVALENCE (MMLACL) CO1520) s  (MMLACIB]Y CL1537))
ECUIVALENCE {PRODI1}s €{153813) {(PRODI3], C{15401)
EQUIVALENCE ISYSTMILl)s  CU158101s  (5YSTMILS), Crisssy)
EQUIVALENCE (MTSYS(1%s CU154111s (MYSYS(1S)), C{1555))
EQUIVALENCE {OF » C1155&) 4 (FPLTy CL1587))
EQUIVALENCE (EQRAT, C115584)

EQUIVALENCE (KODE, CL155911, {KASE Ci1560))
EQUIVALENCE {KONT, CL156111, INF s Ct156214
EQUIVALENCE (L CH1563)0s INE,y Cti564))
EQUIVALENCE INOEC CL1586%))

EQUIVALENCE KDy CL]1T63))

EQUIYALENCE 1BOXI1)s C{1T71)1s {BOXC15}, 11785
EGUIVALENCE (BOFI1), C(1786)})s (BOF(151» C(118007)
EQUIVALENCE THX C(1801))s {HF, Ctl18021)
EQUIVALENCE FVXPLS, CL18031)s (VXMIN, Cl1804))
EQUIVALENCE {VFPLS, C118051» (VFMIN) Cil806))
EQUIVALENCE (TELMT(I)s C(180711y (TELMTI15]y cils21)}
EQUIVALENCE TEN LMI1)»  CLI86110y (SN LNISD)s CL1R50))
EQUIVALENCE (DEL M{1}» CLI951))s IDEL NI9O)s CL2040)}
EQUIVALENCE (HOL 1)y Ci2041)) s IHOIS0) s Ct21301)
EQUIVALENCE 15011, CIL2131) s (S190)s €t22201)
EQUIVALENCE (X111} Ct22210)s IX120), Ct22401)
EQUIVALENCE fDELTALL)s  Ci2241))y (DELTA(20}s C12260}1F
EQUIVALENCE 1801011y C12261004 (BO(15) C122751)
EQUIVALENCE (PO Cl2276) 1y (HSUBOY L2211
EQUIVALENCE 150, CU22781)» (T LNy €i2279))
EQUIVALENCE (Yo C12280))s (AAY LN, Crazsyiy
EQUIVALENCE LAAY, C12282) ) s (CPSUM, C12283}
EQUIVALENCE (HCy Cl2284))s (TC LNy Ciz285})
EQUIVALENCE (PCP(lty Cl22861) s (9CPI25)y Ct23101)
EQUIVALENCE (DATUMEL)y  CE23110)s (DATUM{3}, C(2313))
EQUIVALENCE IPCy Ci{2314))s (TCy C(231531
EQUIVALENCE (IPROB, C12316) )0 (IFIXTy Cl23173}
EQUIVALENCE (INS, Ci2318))a (TCONDs <2319y
EQUIVALENCE LISYM, C123200)0 [IPROD» ciz3ziy
EQUIVALENCE 1ID1Dy C23223)e (LORUM, €12323})
EQUIVALENCE ¢ 1DRM, €i2323))}s (KDRUM, C12324))
EQUIVALENCE fLe €(23251) (L1 C12326))
EQUIVALENCE My CL2327))s (M1 Ct23ze))
EQUIVALENCE (N C1232911s (1Q» Ct2330))
EQUIVALENCE t1Q1, C(233134, (IQ2) C12332))
EQUIVALENCE (1G3, C123331) ) IKMAT, C12334))
EQUIVALERCE (1MAT, Cl12335) 1y (IUSE, Cr233s))
EQUIVALENCE (1ADD s CU2336) )y (1TNUMB Ct2337)
EQUIVALENCE {ITAPE, Cl23381)s [Py Ct2339)}
EQ)IVALENCE (IDEBUG, C12240))s {IFROZ, C(23411}
EQUIVALENCE (COEFTI(11s C13692))s (COEFT1(135Q)1, C150411)
EQUIVALENCE (COEFT201)s CU5042))s (COEFTZ(1350), Ct6391 1)
ECUIYALENCE [COEFT{1)e C{6392)11s {(COEFT(13501, Ct7741))
EQUIVALENCE {ATOMII)e  C{T7742)3s (ATOM(303), Cl8044))
EQUIVALENCE {MATOM{1}s CUTT42)1y (MATOMI303}, Clapsel}
EQUIVALENCEIA{L)y CIB5T8)1s (A(S301, 19267

EQUIVALENCE CMARAME 11 ) o ANAME (1)) o (MANAME (5] yANAME [5) )
DIMENSION TELMT(1%)

OIMENSTON Gt20s21)0 Al15:46) ENI®01 EN LN(90)
DIMENSION OEL N{90)}s HOI90}s S190) X120}
DIMENSION OELTA(20)s BOI15}s PCP{25}, PRODA 3}
DIMENSION COEFX(20)e DX1201s FORM{15)

OIMENSTON COEFT1(154901 1 COEFTZ{1%:90)

DIMENSTON ELMT(1S), DATAI23), DATUMI2 ), FORMLA(18)
DIMENSION BOX(151, 8OF(15), AMS {654}, SYSTMLLS)

(642010, Cta2o))
(ANS(4541, CI874))
{SSUMy C1e25))
{CPy C{6271)
(OLMTP, Cia29y)
{ARATIO» Cl631}))
(SP IMP, Cl633))
(CFy Ctade))
(RHOVAC + Cla38)y
PL Iy Ctanly)
AW Ply Cla4ady)
1EP ETAy Ciaa?)y
(T SIGy Ci45Q1)
(EP SIGs Cla52y)

(ANSLAB(4541, C11328))

OIMENSION LLMT(15}»MTSYS{1%) MDATAL22)

DIMENSION
DIMENSION
CIMENSION MA

SUBROUTINE TO Ci
OX=4660606006:
IF{JEAN=222)

51 CALL BCREAD{

50 DO 52 1=31,1%

ANSLABASS)
MATOM{10143)y

NAME (5] 4 ANAME (5) s

OMPUTE PROPELLANTS
060

51450451
ATOM(101s31»ATOMI122 1)

ELMT (1) =000000000

BOF (1)=00000:

00000

80X {1)20000000000

D0 52 Jxlirab
A(l»J)200000
52 CONTINUE

TOTAL=04+0

NFaQ

NO=D

NE=O

WRITE QODTPUT
400 FOIMAT(RHY

00000

TAPE 64400
INPUT/ /)

COEFT(15+901}
ATOM(101s3}

ANUMIS)

071s
0780
0781
0782
0re3
0784
0785

0839

0843
0846

0B4b
08sa7
0B4&8
0849
0850
0851
0852
0853
0854
0855
0856
0857
0858
0855
08860
0861
0862
0863
0864
0885
0866
0867
0868
0869
0870
0871
087r2
0873
0874
0875
0876
0877
0878
0879
0B8ED
0881
0882
0883
0884
o088l
0836
oaar
o88a
0889
0890
0891
0892
0893
0894
0895
0896
0897
0898




PV RIDDIBEE PP

XOOZ
1 FORMAT(S(AZ)FTa513FBs53F9e5+sA1sFBa5sA1+FBe5)

99 WRITE OUTPUT TAPE 654020 (ANAMEL |1 sANUMIT) 3 1=145) PECWTJENTHIDENS
2TEMP »ETHR$DENS
402 FORMAT (1XsS(AZe1XsFTods2X] 1F80ap2X1FPe292XsALs2XsFBe342Xs
2A1y 2% eF 85

o

96

20
33

21
22

31
30
14
17
16

199

15
98
97

200
201

55

~

5

-

1000
54
550
1001
1002
551
1003
1004

&

~

1005
1006

[y

w

1007
1020
1021
1022
1023

&

)

13
81

n
72
T
1008

sé
87
1009
1010

AD_IMPUT_TAPE Z§lplANAME(lI-ANUM(lel'luS)-PE('T-ENYNc

RE.
DEN» TEMPETHR » DE

IF LAMUM( 11199220099

00 9 I=1e5
TOTAL=TOTALSANUMIIT )
IF(ETHR-OX111s109s11
NO=NO+1

KK MO

KKK =HO

MA=3]

GO 10 12

NF=NF+1

KK=NF+15

KKK =NF

NN=32

DO 98 Jals$
IFCANUM(J)Y 962971598
DO 31 1s1s15
TF(ANAME (J1=ELMTIT1} 2102021
NHUT=0

KTa]

GO 10 30

TF(ELMT{1)) 31422431
ELMT{ 1) =ANAME (J)
ME=NE+]

MHUT=1

G0 10 33

CONTINUE

IFINHUT 118415414

DO 16 I=1,101

IF [MATOM{1,))-MARAMELJ)) 16417916

Il=f

GO TO 18

COMTVINUE

WRITE OUTPUT TAPE 6+199

9
FORMAT (32HQ THERE 1S A BAD PROPELLANT CARDI

Lu=1

RETURN
A(MES3TImATOM(T142)
ATREL38)=ATOMITT+3)
AIKT o KK 2ANUMLJ)
COMTINVE

ATKEK sNNI=ENTH
A{KKK sNN+2 ) =PECWT

A KKK s NN+4 ) =DENS
AIKKK pNN+10)=DEN
A(KKK o MN+12) = TEWP
ATKKE sNNM+14) =ETHR
GO 1O 100

IF(NE 120242010202
L=0

RETURNM

JEAN=222

WX =000000000000

WF =000000000000

HX=000000000000

HF 000000000000
RHOX*000000000000
RHOF=000000000000
YXPLS*00000000000

VX4 [N=0000G000000

YFPL 500003000000
YFMIN=00000000000
ACX=000000000000
ACF=000000000000

AMX =000000000000

AMF =000000000000

00852 J=14NO

DOB5%2 1=14RE
ALJs39)=AL)139)14AL1 137)RA(T 4J )
DO 53 Jul+NF

DO 53 1al,NE
Al(Jeh0)2ALJ 140 +ALT13TI#AIT I3
IF (NO} 1000,1001:1000

00 550 1slsNOC
HXsHX+A(T3ILIPALI 322 7A11439)
WXAWK+A(1e33)

IF {NF) 1002+1003,1002

DO 551 I=1eNF

HE=HF AL T,32)8A 1193607401040}
WFRWF+A[]y36)

IF (NO} 10043100551004

DO 42 [=14NO
ACK=ACX+AL]435)8A11,33)/A11,39)
AMX=AMX+AL1+33)7A11,39)

ACXEACX /WX

AMX =WX / AMX

IF (NF} 1004:1007,1006

DO 43 I=1lsNF
ACFaACF+A(T236)9A1 1341 /ALT140)
AME xAMF 4811434} 7A11,440)

ACFaACF /wf

AMF ewF 7 AMF

IF (wX) 1020+10212020

X
IF (wF) 1022+102341022
HF sHF /WF
DO 60 [=1.NO
IF1ALT»351160971460
RHIX#RHOX+AL]14331/A(1+35)
RHOX=wX /RHOX
DO &1 T=1.NF
IF(AC1936)160L,T1001
RHOF * RHOF+A ({19341 /AL 1,36}
RHOF awF /RHOF
GO TO Té
RHOX = 040
RHOF = 0.0
IF (NO) 100851009,1008
00 37 1=14KE
DO %6 J=1l.MO

BOX{11=BOXII)+AIT 4 JI%AL{Js33)/A1J039)

BOXI(1)=BOX{1)/WX
IF [NF) 1010+101141010
DO 59 Ix=1.NE

95



96

1142

1142

00 58 J=1.NF

BOF (11 =B0F (1 1+ALLo 4150 RATS a0} 00 J0an)
8OF (1 OF (1) /7wF

D0 62 I=1sNE

TF(ACL 4381063462464
VXPLS=VXPLS+BOXIII%AT 418}
VFPLS=VFRLS+BOF (1) *ATT438)
GO 10 62
XMIN+BOX T P*ATT438)
FMINSBOF [T #AT1 438 )
CONT INUE

IF (WX) 1030510311030

DO 40 1314NG
AfTs33)2A{1433) /WX

[F (WF) 10404106141G40

DO 1061 = 1sNF
AfTe36)=Al1,74) /WF

SAVE ELEMENT ARRAY FOR (ORL &4

DD 2000 1= 141%
TELMT{1) = ELMYI11

L=NE

TOTAL = MODF(TOTAL»140Q)
TFITOTALII1420114301142
KD=)

RETURN

KO={

RETURN



nDoDN

555
557

559

561

SURRQUT INF

COMMON ¢

EQUIVALENCE
EDLIIVALENCE
EQUIVALFNCE
EQUIVALENCE
COUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUITVALENCE
EQUIVALFNCE
EQUIVALENCF
FQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALERCE
FQUIVALFNCE
EQUIVALFNCE
EQUIVALFNCE
EQUIVALFANCE
FOUTVALENCE
FALITVYALENCE
EONIVALFNGE
EQUTVALFNCE
£AUIVALELCE
EQUIVALENCE
EQUIVALENCE
CQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FQITVALFNCF
EQUIVALFNCE
FOUIVALENCE
FOUIVALFNCF
EQUIVALFNCE
EQUIVALENCE
EQUIEVALENCE
EQUIVALFNCE
EQUIVALENCE
ENUTVALENCE
EQUTVALFNCE
FQUTVALENCE
FQUIVALFNCE
FOUTVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FOUTVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

FQUIVALENCE
EQUIVALENCE
EQUIVALFNCE
EOUTVALFNCF
EQUIVALFLCE
EQUIVALENCE
ECUIVALENCF
EGUIVALENCE
EGUIVALENCE
EQUIVALENCE
ERUIVALENCE
EQUIVALFENCF
EQUIVALFNCE
EOLITVALENCS
EQUTVALENCE
EQUIVALENCE
EQRTVALENGE
VALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EOUIVALENCE
EQUIVALENCE
EQUEVALFNCE
EQUEIVALENCE
EQUIVALENCE
EQUIVALENCF
EQUIVALENCE
EQUIVALENCE

DIMENSTON
OIMENSTON
DIMENSION
NIMFNSTON

CORE2
{G1), L1ty (Gtaz0)y 16201
TANSIY s CHa2Thhe  [ANS{454)0 ClaTL))
{HSUM, Cla2udty  ISSUMs Cta2s)
{WTMOL » Clazeids 1CPs Cta27)
1OLMPT, CIa28) )y [DLMTP, CLa291 i
(GAMMA, Cra30))s  (ARATION [4EEIN
(VMACH) Cra32bde (SP IMPy Ci433))
(VACT, Clas3uddy  (CFy Clu16))
{RHOT» (437110 (RHOVACH Ciu3s))
(RHDy Cts391)
(T Ply Ctsadlry  APT 1y Crasl)
(£p Plo Ciu421Ys (AW Pls Crasd)
{7 ETAs Clas51)
(ETA Ty Clost)ls (EP FTAy TtasTy
(AW ETas Claallly (T §1Gs Cresnny
(SIG I Cra51))e  (EP 516 Ctab2y
1AW 516 Cre531)
LANSLARI Lty CB7S))e (ANSLAB{4541s CI1328B11
(FORMI11,  C(13291)s (FORM(15)s ({13631
IMFGRMIThy  C113291)s (MFORM{151s Ci13a3})
TELMTILYy  Cil3aably  LELMTI15)s C{1358)
TLLMTEUN s CI136abls  [LLMTI1S)s CU1258))
IPATALY)y CI1%591)y  [DATAI23}s C{1383!
{MDATAT1)s CI1359)1s IMDATAIZ3)s CL1381)
(ENC11y CU13A2)),  [ENISO)s  Cl14T1)
(15¥s, CLILT2))e  (JEANS Cl1u73)
(ACKy Cl16Ted)s  LAFF Cr1u7s)
LAMX y CL1aTEY Yy [AMF, Cr1e?7h)
(RHOX o CC14T8))s  (RHOF CI1479) )
(COEFX(11s CLILRON Y (COEFXE20)0 (11699}
(DXU1Ys CL1500))s  (DX(201y  CI1519)
(FORMLA{ITy C11520))y (FORMLA(18)y CI1537))
(MMLA(11s  CC152011)  (MMLAC18)» CLIS3T))
(SYSTM(L1)e <C4154110s {SYSTMU1SIs  CL1855)
IMTEYS(ily CE158111s (MTSYSE15)s CL1555Y)
10F » CI158A) 1y (FPCTy  CL185T)
{EQRAT, CrIRaAil

(KODE C11556)4s  (KASEs 15600
(XONTy  €{1581)0%  (NFs Cr15621
(NO s C11563) 1y (KE, 1156411
(NOEGy C(156511
TROX T3 by CL1T710)s 1BOX(15)e  CI1T7BS)
TROF 1)y C117861)s {RDFL15)e  CL1RDO})
(HX s CI1801) by {HFy C11802) 1}
(¥XPLS» CrI803) ba [VAMING C11804}
(YFPLS» CII80S) by [VFMING C11806}
CEN LN(13s  Cr1861))4 (EN LNISD). 20195000
(AFL NE13s  C(19511)) (DFL NI9O)s CL2040))
(ROUL s 2061100 (HO(90) 121701}
15010, 2131100 {5(901 122200
IMK{1}s CU222111s 18X4201. CLr240)
(X111 Ce2722110s 1X(201s L2249
(DELTa(1iy  CH2261100 (DELTA(PULs €L226D1)
(RO(11s Ci226111s {AO{151s 127275
(90 Ci2276) 1y (HSUADS ct221M)
150, Ct2278)1s (T LNs (22791
iTs C12280)1s (ARY LNy L2281
LAAY, 1228210y (CPSUM, 1229300
(HC 228413y (TC LN C12285))
(PCR(Y)y CH278611 (PCRLIS1y (12310
(DATIWIL)s  C1271101s (DATUM(4  £(221311
(PCy Crzaledie 170y r4231811
(1PROR, Ci23163 1 (IFIXTs 2117
{IHSy CU2318)1s [TCONDs Ci231%)
T1SYM, CU23200 s (1PRODS 12321
{1010y C12322)1s (LORUMs ci2223)
1 [DRM, £12323)1s (KDRUM, c12324)
ite C123250)0 1L1s [SFEFISN]
My Ci23270)s Ml c1p28))
N C12329) by [0 ciz3in))
€I)s TIZI31) 0 (182 21320
€103, C12333) 1 [KMAT, CH2334)
CIMAT, Cr23350 0 (LUSES £123351)
11400, CL23361) s (LTNUMA, 212317
(1TAPE, CL2338)) 4 (P r12319}
TIDFRUG, C123401), CIFRDI. C12341)
(a1, TE234213  (A(1250)s 136910
(COFFTI{10s  C4389211s COTETI01360)s C1SCHLIDN
(COEFT2(10e CI506211, 1COFFT2¢135Q)) C1A321))
(MCOEFT{1)e CI6397t1s {MCOEFTI13501s  C(T761))
(COEFTI1)s Ci83%2)1s (COEFT{12501, C(TT41))
TATGMITYe 1776200 (&TOMI%031y C(3044)1
{MATOMI1Hs  CUTT421)s (MATOMIA0A)s  CiROLLI

[KOREs CIB04
TCLNT s LNT byt

7y
SUMMSUMtEy

(RLKyMALE ;o [ THP GMTMP ) {MT 3T

(PRODIT Iy  CU1%3R) Ve  (PRODII)s  CL1540)
G(201211s  AT15290)s  ENISON EN LNTGDY
DEL Nt9D)e HOISO)S 1901} xt20)
DELTAL201s  BOL1S) PCPI2S ) PROD (2
COEFX{201s  DXL20)4 FORMI15)

DIMENSTON COFFTI{155901

DIMENSION
DIMENSTON

ELMTILS) .
ROX(15)

» COFET2L15990)

DATALZ23) 0
ROFIIET.

DATUMIT T
ANS (654,

NIMENSTON LLMT 151 sMYSYSI 181 MNATAL2Y]

DIMFNSTION
DIMENSENN

ANSLAR (454,
METOM{INT 91}y

COEFT{184301
ATOM(101+31

FNORMLA{IR]
SYSTMILS}

DIMFNSIOK MX{2N)FyMCOEFTI15530)

PIMENSION MEDRMI15)

BMT r6N6UE0606N060
GAS =000000000027
BLK =0N0000000060

REWIND 1
NO FOwO

1TEST2M]
S51Z€a1R45

1F (IPROB-3) 55745674565

PCEDL/14ebTHN0E
PO=PC

IF 17C) 55955594561
TC LN= 8425

GO TD 431

TC LN=LOGF(TCH

GO 7O 431

PO=PC

1130

1132
1134
1135
1136
1137
1138
1139
1140
1141
1147
1163
1106
1145
1146
1147
1148
1169
1150
1151
1182
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
2163
1164
1165
1166
1167

el



98

Ann

~

YA Tal

414
%135
436
“37

418
419

u)
&45
4

455
“kg
LYSa

485
469
470
473

a7
38

19

21

45

ab

a7
a8

49
51

»
-

sa
5%

56

57 CPSUMCPSUMS{(ICOEFT{120 ) #T+COEFT (114 )#T+COEFT (1040} 14 T+CCEFT
)
58 ND(JI'Ill(CDEFT(IZ'J)/5|0)'Y¢CUEFT(l|-Jl/k-O)lY'(OEFY(lOnJl/)-OI‘T

59 SIJIm{{i{COEFTI124J}7440 }OT+C0EFY(ll.JI/JcD"Y‘COEFYllﬁoJlllnol'Y

60

GO_10 431
Ta1C

PO=", N

T LNeLOGFITY

STARY CALCULATION FOR NEW QVERALL COMPOSITION

LADD=)

TF FIFROZ) 15654379,1472
IF ITUSE} 1477,1432,473
D0 432 KxleN

ENIK)=N.D

FN LN(K)20,0

DFL N(X}a0.0

AAY LNES,0

SENSF LIGHT o

IF (1PROB-21 415,64546%4
IF 1IPROA-4) 455,665,175
IF (1ADD=1) 37944364661
SENSE LIGHT 1

T LN=TC LN

ITROTaS

[F {PCRITADD)} 2314271,439
SENST LIGHT &
PO=PC/PrREIAND)

G0OTH 11

1F (TADD=281 438,438,21)
IF (TADD=11 379,447,841
SENSF LIGHT 2

GO TO 417

IF {1APN=25) 450,450,21]
IF (PCRUTARD)) 23142314060
T«PCPL1ADD)

T LN= LOGFIT})

GO T 473 .

[F [TAPD=25) 6694469,27]
TF (PCPITADDI) 23142715470
PO=PCPITADDY

SENSF LIGHT 2

SENSE L IRHT 4

REGIN CALCULATIONS FOR CURRENT POINT
PO LN=LOGF(PO]
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

1F (IPRCR=2) 17217419
TaFXPFLT LR)

IF LCOSFTIET,10=-T) 21427427
LF ICOFFTIT, 11500001 23,3142 M)
PO 1123 Kale1%

DO 1122 § = 1490
COEFTIK»J)=COFFTI(XyJ)
SENSE LIGHT &

60 15 1%

DD 1126 K o2 1415

DO 1129 ) e 1490
COFFTIR IV =COFFTI(K 4 U
SENSE L IGHT &

0 TR e

IF (T=COFFTE611) 29537437

TF {200,0-COEFTI6311) 254314231
1€ (SENSE LIGHT 4) 384305

ELIMINATE THOSE SPECIES WHICH DO NOT HAVE DATA iN THIS [NTERVAL

IF ISENSE LIGRT & ) 384142
SENSE LIGHY &

DO 4n JalyN

IF ICOFFTIRWUI! 4091944
CALL PYPASS {42}

EN LN{J)=n.0

FNLJI=nn

TONTINUF

REGIN ITERATION FOR COMPOSITION

[Qe1Q

1Q1=101

192=102

1G3=102

1TNUMRe10

DO 48 U=1M

CALL PYCASS [f,1)

IF (IPROD=2) 4R 1kSy4r
TF (EN LNEJISSIZF=P2 LN} Ghsbbe47
ENtIY =N, 0

GO TO 48
ENTJIZEXPFIEN LNIJ)Y}
CONT I NUE

IF [TPROR=2) &%489451
T=EXPFIT LN}
AAY2FXPFIAAY (N)

CALCULATE MEAT CAPACITYs ENTHALPY AND ENTROPY

TFIxT=1
IF {SENSFE LIGHT 2] %5215%
SENSE LIGHT 2

If {SENSE LIGHT &) 53.5%
SENSE LIGHT &

IFIXTa}

IF {ITNUMA-30) 55454455
TFIxXYap

CPSUM=0,0

00 60 J=1.N

CALL BYPASS 1J41)

IF (IPRON=2) 60456460

IF (IFIXT=2) %5458457

19+ 1) *T+COEFT B ) ) RENTY
1+COFFTI94))/2e0)#T «COEFT(13»J)/T+COEFTIB )

T+COEFTI99 /) )W T4COEFT(801#T LNFCOEFTI 164 )=EN LN{J
CONTINUE

CONSTRUCT MATRIX AND SOLVE THE EQUATIONS

1180
1181

1183
1184
1185
1188
1187
1188
1189

1192
1193

1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
IZBD

IZBZ
1283
1284
1785
1286
1287




CALL MATRIX 1288

IF {SENSE LTGHT &) 61s171 1769

61 SENSE LIGHT & 1290
CALL GAUSS 1291

1F (1DERUG) 910+B0+910 1292

910 DO 911 I[=1y1MAT 1292
911 WRITE QUTPUT TAPE 6,912+ [GLIsK)IsK=1sKMAT)I4DELTALT) 1294
WRITE OUTPUT TAPE 64912+ (X{1)sImlsIMAT) 1295

912 FORMAT (BEl4s6] 1296
80 IF (IDIN=IMAT) B1:85:81 1297

81 IF (SIZE-18.5]1 83283311 1298
83 SIZE=27.5 1299
GO TO 43 1300

85 ITNUMA=TTNUMB-] 1201
DC 87 KmleIMAT 1362

IF (ABSF(DELTAIKI}~0s5E~4} 874874315 1303

B7 CONTINUE 1304

C 1320%
C OBTAIN CORRECTIONS TO THE ESTIMATES 1306
C 1307
D LN Tax{]Q2} 1308

91 IF {IFIXT-2) 931959179 1309
93 D LN T=0.0 1310
9% DO 101 JalM 1311
CALL BYPASS (Js1) 1312

1F [IPROD=21 96197496 1313

96 DEL N!J)=0a.0 1314
60 TC 101 1315

97 DEL NIJ)I=HO[J)I#D LN T=~HO{J)+S00) 1316
DO 99 Kalsl 1117

99 DEL NUJI=DEL NIJP+A(KsDI#X{K} 1318
101 CONTINUE 1319
IF (L=10] 10331094109 1320

101 J=M1 1121
DC 107 K=L1elOQ 1322

104 CALL RAYPASS (Uy1) 12213
1€ {1PROD=21 105)106210% 1374

105 DFL N{J) =040 1325
Jd=J+1 1326

GO 1O 104 1327

106 OFL NCJr=xdxl 1328
Ju+y 1329

107 CONTINUE 1330
1N9 AMBDA=140 1331
AMRDA13140 1232

IF [XARSFILNT)=-XABSFIMX{IQL}}] 50149139913 1333

501 SUM = ARSFIX({IO1)} 1334
G0 TO 915 1335

913 SUM=ABSFID LN T} 1336
915 DC 917 J=1,M 1337
TF TEREJ)) 917419154716 1338

916 SUMsMAXIFIDEL NIJLsSUM) 1339
G0 TO 917 1340

1915 IF (EN LNLJ]) 917491741917 1341
1917 SUMI=ABSFLIPO LN=24212-EN LKIJN)/DEL NIJM) 13472
AMROAY =MINIF [SUM) s AMBDAT } 1143

$17 CONTENUE 1344
IF (SuM=2,01 1110411104110 1345

110 AMADA=Z2.0/SUM 1348
1110 AMRDARMINIF{AMADALAMADAL) 13467
920 IF (IDEAUG)H 92191114921 1348
971 WRITE OUTPUT TAPF £+923s ToPyAAY, AMADA, {(COEFTIKsJIsR=143)4 1349
1 EN{JY2EN LNTJISDEL NUJPeHOGUT Sl ) e xleNY 1350

923 FORMAT (4E25.8/(1Xe38695E15.6110 1351
[ 1352
< APPLY CORRECTIONS TO THE ESTIMATES 1353
< 1354
111 00 117 J=1.M 135%
113 EN LNIJY=EN LN{JI+AMBDASDEL NIJ) 1356
IF (ICOND-2} 11541214375 1257

115 DO 117 J=M14N 1358
117 ENCJT=FN{J)+AMBDASNEL NI J} 1359
171 T LN=T LN +AMBRDA®D (N T 1360
AAY (N=zAaY LN- AMADA*X([21) 1381

IF (SENSE SWITCH 61 1220124 1362

122 If {(I1DEBUGH 1122412741122 1363
1122 INERUG3D 1364
GO T0 231 1365

123 IDEAUGE] 1366
C 1367
< TEST FOR CONVERGENCE OF ITERATION 1368
< 1369
124 IF [ITNUMB) 12541324125 1370
125 IF (AMARA=1. 0} 43511264071 1371
11724 P=0,.0 1372
DO 1126 J=1M 1372

1126 P=P+EXPF(EN LNLJ)) 1374
IF (ABSF{(PO-P)/P01=0+s5EF-5) 1264126462 1375%

126 SUM=P 1376
IF(ICOND=211279129.375 1377

127 D0 128 JsM1sN 1378
128 SUMESUM+ARSE(ENTJT) 1379
129 DO 130 J=1sN 1380
1F tJ=M} 1129112951120 1381

1129 1F (ABSFIENIJI#DEL N{J)/SUMI-0,5E=51 1304130043 1382
1130 IF [ABSFIDEL N(J)/SUMI=0s5E=5) 13091204473 1383
120 CONTINUE 1386
132 IF ISENSE LIGHT &} 133,123 1285
133 60 10 13 1386

C 1387
C ELITMINATE THOSE SPECIES WITH NO DATA AT THIS TEMPERATURC. ADD 1388
C THOSE WITH DATA AT THIS TEMPERATURE 1389
C 1390
142 0O 170 J=1.N 1391
1F (MCOEFT(14J1=MT1 17045004170 1392

500 IF (COEFTIS5,J} ¢ 100,0-T) 28%11434143 1392
143 IF (T=COEFT(44 14100201 29521540144 1194
285 IF (500040-COEFTI{Ss 11 14401442300 1395
295 IF [COFFT{4,0}=200s0) 14441444301 1398
lae 1F [J=M) 145414551466 1397
145 CALL BYPASS (Js3) 1398
60 TO 170 1399

301 CALL BYPASS (Ja2}) 1600
ENTJ)=0.0 1401

EN LN(J120.0 1402

DEL N(J)=0e0 16403

GO TQ 170 1604

laé IF (EN(JI) 14741483170 1405
147 ENTJI =00 1406

DEL N{J)=0s0 1407



100

CALL BYPASS (Jy2)
GO TO 42

SKIP CONDENSATION CHECK IF T IS MIGHER THAN MELTING POINT WHEN
TESTING SOLIDs OR LOWER THAN MELTING POINT WHEN TESTING LIOUID

YR

148 IF (COEFT(4pd)=COEFTISIS~1)) 15041494150
149 IF (COEFT(asJi=T1 15341534170
150 IF (COFFT(54J1=COEFT&4IJ*1)) 15341514153
181 If (T~COFFTIR4Jl1 15341534170

CHECK FOR CONCENSATION

IF MORE THAN ONE CONDENSED PHASE OF ANY SPFCIES CAN EXEST THE
PHASE STABLE AT THE HIGHER TEMPERATURE MUST PRECESD THAT STABLE AT
THE LOWER TEMPERATURE ON MASTER TAPE

AAnAAnA

153 DO 155 K=243
SUMzCOEFTIK )}
DO 1%4 Ixtsb
TMP=ARSF 130 4SUM)
SUM=ALSF 6000000y SUM}
IF {MTMP-MBLX) 154415641546

154 CONTINUE

155 CONTINUE
K21
1s8
G0 TO 159

156 Iw1=2

IF (1) 15741584159

2

»

Ta=g
159 FORM(2}=COEFTIZ244)
FORM( 1} aCOFFTI34J)
Tl
JU=e2-1
I=1l
ERLNE)
SUM = FORM{K)
8 SUM = ARSF{JJsSUM)
MiJS=ai-6
THLY = FORMIX)
THLY = LRSFIMJIJTMLY)
MJJ=26~-1
SUMI=LLSFIMIL3GAS)
TEMP=LRSF {JJySUMY )
MJIJe62=1
B FORMIK)*LLSF{MJIJySUM}
DO 160 KuleMm
IF IMFORM{2)~MCOEFT(2¢K)} 160»1160+160
1160 IF {MFORM{3}-MCOEFT(3+K)] 160+16245160
160 CONMTINUE
CALL BYPASS (Jo3)
G0 TO 170
162 CALL BYPASS (K1}
1F {1PROD-2) 1704163417
163 HO(J ) m ((tICORFT(1200) /5,008 T+70EFTI114J)/4a0}8T+COEFT( 04 d)/3,0)%T
1+COFFT{9¢J)/2:018T «COEFTI134J)/T+COEFTI84J)

EX]

SUJ) el {ICOEFTI120J)/6u0 1#T4COEFTIL1 1)/ 30008 T+COEFT (100417240107
1*COEFTI94)) ) ¥T4COEFT(B4J1%T LN®COEFT (1442}
IF IHDTJ)=5(4)~HO(K)+S(K1]1 16421645170
164 CALL BYPASS (Js3)
EN(J)=040
GO TO 42
170 CONTINUE

If COMPOSITION HAS BEEN CORRECTLY DETERMINED CALCULATE THE
EQUILIBRIUM PROPERTIES, OTHERWISE CONTINUE ITERATION

Annn

TF(SENSE LIGHT 4) 117041172
1170 SENSE LIGHT &
GC TO 42
1172 IF (TTNUMBY 42,971+42
971 WRITE QUYPUT TAPE 6,973,1ADD
973 FORMAY (TQHL30 ITERATIONS DID NOT SATISFY CONVERGENCE RECUIREMENTS
1 FOR THE POINT [5)
GO 10 42

<
< CALCULATE EQUILIBRIUM PROPERTIES
<

171 00 1171 1 = 15458
1171 ANS(I) = ANSLABII)
WTMOL =AAY /P
HSUM=G(1Q2s [O1)#T7ARY
S5UM=040
DG 183 J=1sN
CALL BYPASS 1J,1)
IF (TPROD-2) 183+187+183
181 SSUM=SSUM+SLL)®ENLJ)
183 CONTINUE
1183 SSUM=SSUM/AAY
IMAT= IMAT=1
CALL GAUSS
IF [IDIN=IMAT) 172,174,172
172 CPRaCPSUM/AAY
GAMMA=CPR/ {CPR=1140/WTMOL }}
DLMTP=0.0
DLMPT=0.0
GO TO tas
174 DLMTPaX (101}
IF [ABSFIDLMYP)=2745) 1174511744172
1174 CPRaG102,102)
00 17% J=1+10Q1
178 CPReCPR~GI1025.0)8x( )
CPR=CPR/AAY
1175 IMATEIMAT-}
CALL GAUSS
DLMPT=D40
00 179 Jelsl
179 DLMPTeDLMPTAG( 101 s 1) OX(J)
OLMPT= {P~DLMPT} /OLMPT
IF (DLMPT-274%) 1804180,172
180 GAMMA=1.0/{1s0%0LMPT=((1,0=DLMTP}#82)/{CPR¥NTMOL 1}
IF (GAMMA) 172,172418%
185 IF IPROB-2) 186+186,207
186 If (1ADD-2) 18741914197
187 WTMOLCwWTMOL
TCeT

1420
1421

1423
1424
1425
1426
127
1428
1429
1430
1431
1432
1633
1836
1635
1636
1637
1478
1439
1440
144l
1442
1443
lasa
1445
l4a6
1447
1448
1449
1450
1651
1482
1453
1454
1455
1456
1457
1458
1459
1460
1681
1662
1463
lase
1465
luse
1467

lep8
1669
1470
1671
1672
1473
1474
1875
1476
1677
1478
1479
1480
1481
les?
PELE]
1484
1485
1486
1487
1488
1469
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1%01
1502
1503
1504
1505
1308
1%07
1508
1%09
1510
1511
1512
1511
1514
1515
1516
1517
1518
1519
1520
1521
18522
15213
1524
1525
1524
1527



PCep
HCaH5UM
S0x55UM

188 T PIn-DLMTP/(NTHOL®CPR)
T ETA=100040/(CPRETC*1498726)
T S1G==(1,0-DLMTP) 7 {WTMOL®CPR)
GO TO 207

CHECK FOR CONVERGENCE AT THROAT

o Yaka)

191 DHSTARSHU-HSUM = (GAMMAST/(2.0%WTMOLI1)
1F (ABSF{DHSTAR/(HC=HSUM) 1 =0sbE-4) 19741975192
192 IF{ITROT) 1934197193
193 PCP(Z)-PCF(Z)/(l-O'Z-O'DHSTAR'RTMOL/(Y’IGAMHAOX.OIll
PO=PL/PCPITADD)
1TROTITROT-1
IF UIDEBUG) 92911944929
929 WRITE OUTPUT TAPE 69923 1DHSTARIHC o HSUMIPCPLTADD Y
194 SEMSE LIGHT &
GO TC 13

CALCULATE PERFORMANCE PARAMETERS

AnA

197 5P [MP#294,98#SORTF ( (HC~HSUM!*1,98726E-3]
RHOI=RHO®SP 1MP
SUMT/Z{Ze0% {HC-H5UM) )
Pl laSUM® {WTMOL ~WTMOLC )/ (WTMOL #W TMOLC}
ETA 1=SUMSITC=T)/{TCHT#1.98726) 2100040
SIG 1=SUM/WTMOL
T ?l-(l(VTHDL(—VTHOLI/HTKOL(I‘DLMYPI/'HTHOL'CPR]
T ETA=100040/(CPRSTC®*1498726)
T S1G==(1,0-DLMTP ]/ (WTHMOL*CPR)
AWR{86265794T 1/ (AAY®14,8960069SP [MP)
AW Ple= {(1,0-DLMTP)/(WTMOLCSCPRI+1+0/GAMMAPT )
AW ETA=T ETA®{1.0-OLMTPI=ETA 1
AW SIGE140/GAMMA=SIG |
IF (TADD-2) 2034201202

201 AWT=AW
CSTAR®324174#PC*144696006%ANT
CSTRPI=1.04AW PI
STR ETA=AW ETA
STR 51G=040
AWT Pl=aw PI
AWT ETA=AW ETA
AW 51Gx040

203 CF32.17485P IMP/CSTAR
ARATIO=AW/AWT
VACTI=SP IMP+P#14,896006%AW
RHOVAC=RHO®VACT
VMACH*SP IMP/SORTF {B64457FRGAMMA#T /XTMOL}
EP P1=AW PI-AWT P!
EP €TA=AW ETA-AWT ETA
EP SIG=AW SIG

207 HSUM=HSUM®1,98726
SSUM=SSUM®L,98726
CPaCPR#1498726

OBTAIN COMPOSTITION IN MOLE FFACTIONS

nnn

SUM=P

[F (JCOND=2) 2095213+37%
209 DO 211 JeMIaN
211 SUM=SUM+ENI(J}
213 DO 215 JaleN
218 ANS(4%J434)=ENCJ)/SUM
If (1PROB-2) 2175217422
217 ANS{1)=PCPI1ADO)
218 IF (1ADD=2) 22042194219
219 ANS(13}=CSTAR
ANS (241 8CSTRPL
ANS(291sSTR ETA
ANS (341 uSTR SIG
220 ANS(2)=P
ANS13)=T
Ke3arien

C
< PRINT OUT THE CALCULATED ANSWERS
<

1F (1DEBUG) 1221422241221
1221 WRITE OUTPUT TAPE 64221 tANSII)eIx14K)
221 FORMAT (1H ////5520-8/5520:815520-5/55201515520.!/5520.8/5520.3///
1 (3(7Xs3A6,F845)) )
GO TO 2223
222 WRITE TAPE 3+ (ANS(11» I=14454)
MO EQ=MO EQ+1
2223 IF (IADD-2) 22342254225
22% 1F 1IPROB-2) 2244122641222
224 IF {1FROZ) 1223+122441224
1224 PCPI2) 21 {GAMMA+140) /24 0) %R (GAMMA 7 {GAMMA=1201}}
T LN=T LN+LOGF 240/ 1GAMMA+140) )
1223 DO 1225 | = 11454
122% ANSLAB(I) = ANSIT)
225 1ADOsTAND+1
GO TO 433
C
231 IF (O EQ) 378,378,1231
1231 IF (1FROZ) 23243794235
232 IF (1ADD=2) 3784233,378
233 IF (1DEBUG) 37B»234,4378
234 CALL CORE&
IF (KORE} 12345141234
1234 RETURN
238 1F (IPROB-2} 23722374239
231 CALL CORE?R

RETURN
239 WRITE TAPE 3+(G{I}e Ix148044)
CALL COREZ
RETURN
C
C ERROR PRINT OUT
<

305 WRITE OUTPUT TAPE 6»306:T2IADD

306 FORMAT (17HLTHE TEMPERATURE=E12.4134H Ky 15 OUT OF RANGE FOR THE ¢
101KT 15)

IF (600040-T) 309+307,307

307 IF {T=200.0! 1309¢308+308

308 GO TO 142

1309 IF [(1ADD=1) 309313104306

1310 IF (1PROB=2) 1311+309+309

1311 IF (ITEST-NJ 131251312+30%

"

1528

101



102

1312

13113

1315

3
312

315
316
375
377

1377

00 1313 JnITEST N
CALL BYPASStJUs1)

IF (1PROD~2) 1315,131741313
CONT I NUE

GO TC 309

[TEST= +]

CALL BYPASS({Js3)

60 10 5%%

1ADD=25%

IF {SENSE LIGHT &) 4242

WRITE OQUTPUT TAPE 64312 IMAT»IDID
FORMAT {/1SHITRIED TO SOLVE 13122H EQUATIONSs ELIMINATED 3
GO TO 37%

WRITE QUTPUT TAPE 6+3161

FORMAT {/4THIRESIDUALS FROM SUBROUTINE GAUSS EXCEED 0e¢5E-4)
IF (IDEBUG) 231+377,231

IDEBUG=1

IF [IPROB-3) 137745554555
PCEPC#144696006

GO YO 555

WRITE TAPT 34 (GH1),1s1sR04s)
BACKSPACE 3

RETURN
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PAUSE 77777
SUBROUTINE

SUBROUTINE GAUSS SOLVES ANY LINEAR SET CF UP TO TWENTY EQUATIONSs

8Y ITFRATIO

FORTRAN MONITOR UNDER NORMAL OPERATING CONDITIONS WiLL TAKE CARE

OF OVER=-UND

COMMON €

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FOUTVALENCE
FOUTVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FOUTVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQ)IVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EOQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EOUVALENCE
EQUIVALENCE
£QUIVALENCE
EQUEVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQ' FIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIYALENCE
EQUIVALENCE
EQUIYALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSIOR
DIMENS | ON
DIMENSION
DIMENSION
DIMENSION C
DIMENSION
DIMENSTON

GAUSS

N IF NECESSAR

ER FLOW

(GL1)y
CANS(1)
(HSUHM,
(WTMOL »
(OLMP T,
(GAMMAY
(VWACH,
(VACL,
{RMO T,
{RHO

(T Pl,

{EP Pls

(T ETA,
{ETA T
(AW ETAs
{516 I»
{AW SIGs
(ANSLABE 1}
IFORM{1 )4
[ELMT(1)y
(LLMTI1)y
(DATA(11s
IMDATALL)
(ENf1}y
(ISYS,
LACX
(AMX )y
(RHOX»
(COEFXI1]s
(OX(11s
(FORMLA(TL]
TMMLA(1D
{PROD(1)»
(SYSTM{L]w
(MTSYS(1}e
{0F <

({KODE [}
(KONT 4 <

I{NOEQy (i1
(BOX11)»
IBOF(1}s
IHX»
IVXPLS)
(VFPLS»
(EN LN(1D»
(DEL N(1}y

(HOULL )
(Stlly
(X{1)e
{DELTAlLY
18011}
(Pay

1509

tTy

{AAY

{HCs
1PCPILNy
(DATUMIL )
1PCy
(IPROB,
t{IHS,
L15YM,y
(1010,
{IDRM,

{Ls

My

Ny

{1014
(103,
{IMATy
{IADDy
(ITAPE
[IDEBUGY
TALL)
(COEFTI(1)
(COEFT2(1)
(COEFT(11y
(ATOM(1] s
{MATOM( 1)

Gi20s21)»
DEL N(90)»
DELTAL20) s
COEFX{20)»
OEFT1115,%20)
ELMTE1S)
BOXI15)s

Y

(4SRRI {61420y

Cle2l) ) {ANSI454),
Cla24) ) {SSUMs
CLa26))s  {CPy
Ci{628))s (DLMTPy
CI430) ) {ARATIOw
Cl432))s [SP IMP,
Cla34)ly  ICFy
CLa3711 IRHOVAC»
Cta39))

CladDyly P11y
Ctus2)lty (AW Pl
Claas))

Cl4a61)s (EP ETAy
Cl4481)s (T SIGH
Ci45111y (EP S51G»
Cis8%31)

v CL8T51)s (ANSLAB(454
C{1329))s {FORM{1G)e
Cll346}}s  (ELMT(L1S)
CH1366))s  (LLMTI15)

C11359))y  {DATALZ23)
Ct135%))s  (MDATA{Z3
C{1382))s (ENISO)s
CL16T2)0y {JEANS
CL1474) ) {ACF
CL1476))0 {AMF »
CI{1478) 1} {RHOF o
Cl{1480))s {COEFXI
Ct1500) )y 1OX120} s

» CI1520))s (FORMLA{

CL1520 )y  (MMLA{1B)
C(1538}}y (PRODI3)»
CI1S4L}Y»  ISYSTMILS

ClL5h11)y IMTSYSILS)e

1155610 (FPCTy C
C1155811

155912 (KASE»

{15611 (NFy
C4156331s {(ME»

5651)

CILITT1) s (BOX{15)e
Ci1786)3s (BOF{15)s
CL1801))+ {(HF,s
CL18031) s (VXMIN
CL1BDS1) s (VFMING
CL18611) s {EN LNIS0)
CL19511)s (DEL Ni30)

Cl206811)¢ [HOISQ)S
CI21311)s 15(90)
1)y IX1201s
C(2241})s IDELTAL20)
C12261) ) (BOLIS)y
C12276)1» (HSUBG)
€(22783)» (T LNy
C(2280)) s {AAY LN»
CL2282110 (CPSUMs
Ci2284)}y (TC LMy
CL2286))y tPCPI25)
C(2311))s (DATUM(3}s
Ci2314))y 1TCy
Cl23161)s {1FIXTy
C12318))s {ICONDs
C12320}1)s [1PRODe
C(23221)y ILDRUM,
C(2323) )+ [KDRUMy
C123253)y (L1y
CE232713s (Ml
C12329)01s (1Q0
Ci233111e (102
C12333))s {(KMATH
Ct2335)3 (IUSEN
C23363)e (1TNUMBY
C(2338)s {Pe
C{2340) )1y (IFROZs
Ci2342))s  (A{1350)s

v C13592))s (COEFT1013501, C{5041))
s CL5082))s (COEFT2(1350), CI6391))
C16392))s {COEFT(1350)s CIL77411)

CL{T7742))s (ATOM{303}0
CL7T421 ) {MATOM{303

Al15,901 s ENISOQ) s

HOL9C )y 51901
80t15)» PCPI25)s
DX(2Q)e FORMI1%]

» COEFT2(15+90)
DATA(23) DATUMI3}y
BOF{15)» ANS(ASa}s

OIMENSION LLMT{13)3MTSYS{15)sMDATA(23)

OIMENSION
DIMENSION
DIMENSION
BIGNO=377TT
101080
OETN=0,0
IF(IUSE) 80
IUSEL1=TUSE"
00 1 K=1siU
X{KI®D4D
DELTA(IX)=0»
ITERARD
KAPUT=]

DSUM] =BIGMNO

SAVE MATRIX

DO 82 ID=1»

ANSLAB (454),
MATOM{101+3)
DRUMI201+21)
777717

+8028)
1
SE

0

TN DRUM

TUSE

COEFT(15490}
’ ATOM(101+3)

C(4201)
Ce874) 1
C(&251)
ctazty)
C{4291)
Cian1))
Cta33))
Cia36) )
Cl438)1

Cl4bly)
Cteady)

Cten?))
Cle50)
Cis52))

e CHL13281)
C(1343))
» C(1358)}
o C(13%81)
CU13811)
Je CL12811)
L1471t
CtlaTd))
CL18753)
Ct1477))
MOTYLIN)

20)s  Cl1499))

C{1519))

18)s  Cl15371}

+ C{1537))
Ci1540))

1K} C1155%))

CL15%5))
(1587))

C(1560))
Cl115862))
Cr156411

CL17854)
€(18001)
C(18021}
C(1804))
CL1806))
s C119501}
» C{2040)1}

€iz2130))
c€t22200)
Ci2240))
2 C122600)
cr2za1si
ci22771y
c(2279)1)
ci2281))
Cl2283))
C12285) )
C(23101}
Ct23134)
C(2345))
ctznmn
€(2319))
ctz321)y
ct2323))
Cl2324))
Ci23264)
ci23281})
ci23301)
ct2332))
C12334))
Ci2335))
C12337))
C12339))
Cl2341))
Ci36911)

Clagsaty
Yo C(AQ&4))

EN LN(90)
x{z20)
PROD(3)

FORMLA{18)
SYSTMI15)

1671

1726
1725

1729
1730

1731

1733
1734

103



104

B2

nean

nen

99
10

84
100

14
18

20

8

-

22

AnAeAA

28
28

e

B8
40

44
45

An

%91

sC

52

DOB2 JUNel, IUSEL
ORUM{ID 4 N} 3G (I0sIN)

BEGIN ELIMINATION OF NNTH VARIABLE

DO 45 WN=1,IUSE
IF (NN-IUSE) 8,838
TF(GINNIMNT 131023031

SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW

DO 18 I1aMN+IUSE
J=NN
TFIGILsd}) 99416499
COEFXi[1=040
NENES]
1FITUSEL-J) 12484484
TFU ABSFIG{IsJ1) ~ ABSFICOEFX(11}) 101004100
COEFXU{IY=ABSFIGITe )}
GO 10 10
COEFX(I1= ABSFICOEFX{1)/G{IsNN))
GO TO 18
COEFX (] 1=BIGNO
CONTINUE
TEMP=B|GNO
=0

DO 22 J=NNyTUSE

IF {COEFX{J)=TEMP}) 87422)22
TEMPCOEFX{ J}

1=

CONTINUE

IF{1) 28+23,28

1D1DaKN~1

GO 10 80

INODEX | LOCATES EQUATION TO BE USED FOR ELIMINATING THE NTh
YARIABLE FROM THE REMAINING EQUATIONS

INTERCHANGE EQUATICNS [ AND NN

TF(NN=T} 29,31,29
DO 30 J=NN»IUSEL
Z=GllsJ)
GllsJdY=GINNsJ)
GINNy J}=Z

DIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE KTH
YARIABLE FROM THE REMAINING EQUATIONS

K = NN + 1
B0 36 J = Ky IUSEL
IF(GINNSNN)} 365 23, 36
GINNsJ) = GIRN4J) # GINNJNN}
IF(R=-TUSEL} B8+45,88
DO 44 1 = KeJUSE
D0 44 J = Ky TUSEL
Giled) = GLIsd) = GILINNI®GINN+JY
CONTINUE
CONTINUE

BACKSOLVE FOR THE VARIABLES

100 = 1USE
K = IUSE
Jo= K+
S5UM = 0,
IF{IUSE = J1 51,4848
DO 50 ! = J,IUSE
SUM = SUM + GIK.I1#DX{1)

DXIK}) = GIKslUSEL] ~ SUM
X{K} = X(£) + DXIX]
K= K -

IF iKY 474151947

T0 90 1D = 1,1USE

060 90 JD = 1» IUSEL
GUID+JID) = DRUMIIDWJD}

CALCULATE RESIDUALS {DELTA RIGHT HAND SIDE)

DSUM = 0.

DO 62 1 = 1» 1USE
SUM = 0.
00O 58 J = 1w IUSE

SUM = SUM + G(l,Jiex(J)

DELTA{I) = GII4IUSEL) ~ SUM
IF{ABSF{GITsIUSEL]} = 1.0) 624 £24 &
DELTA{I) = DELTA{I) / G(IsIUSE])
DSUM » ABSF(DELTA(I}} + DSUM

GO TQUE64B0)s KAPUT

IFIDSUM = DSUM1) T4480+68

KAPUT = 2

DO 72 X = 1sJUSE
X{K} = X{K} ~ DX(K}

GO TO 52

DSUML = DSUM

ITERA =« ITERA + 1

IF(ITERA ~ &) 92,80,92

00 78 I = 1,1USE
IF(ABSFIGI1sTUSELY) =~ 1,00 75,7576
GUI2IUSEL) = DELTA(I}Y
60 TO T8
GUIZIUSEL) = DELTA(I) * GIIs1USEL)
COMTINUE

GO TO 6

RETURN

1892
1893
1894
1895
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SUBROUTINE MATRIX

COMMON €
EQUIVALENCE {61 Tl 1G{4201ts Ctaz0))
EQUIVALENCE {ANSTI)y  Cla21))y  (ANSU454)y Ci8Tu))
EQUIVALENCE THSUM, Clu24) )y {SSUMy Claz5y}
EQUIVALENCE [WTHOL + Claz26) ) [CPy Cie27))
EQUIVALENCE (DLMPTs CL428) ) [DLMTP, cie29))
EQUIVALENCE (GAMMA ) CL430))e  (ARATION Cte3l))
EQUIVALENCE (VYMACH, CLe32) (SP 1MPs Cl433)
EQUIVALENCE {VACT, Ctadatty  (CFy C436)
EQUIVALENCE {RHG1, Cth3TrYy  (RHOVAC, Cla3d)}
EQUIVALENCE {RHQ» Ci%3911
EQIVALENCE {7 Pl Cla401de  {PI Iv Ctaal)
EQUIVALENCE {EP Py Claa2)be  {AW Pls Cctaaldy
EQUIVALENCE (T ETAs Claaby)
EQUIVALENCE (ETA Ia Clabkbtde [EP ETAy Clasty)
EQUIVALERCE tAw ETAy Cla4B))e (T 506y CLa50))
EQUIVALENCE ISIG 1y Cta51))e {EP SIGs C{u52))
EQUIVALENCE [AW SIGy Ci453))
EQUIVALENCE TANSLAB(1)s CURTS))y [ANSLABI&54), C{132B))
EQUIVALENCE (FORM(1) s C11329))s (FORM(IS)y CI1363))
EQUIVALENCE (ELMT (1 p CU1344) )y (ELMT(1S)y CU1358))
EQUIVALENCE (LEMTO1) CU13443)  (LLMTUIS)s CL1358))
EQUIVALENCE (DATA[1ly C(1359)1s (DATA(23), C[1381)1)
EQUIVALENCE (MOATACLle  CC135913s (MDATAU234» CI13811}]
EGUIVALENCE {ENTL Y Ci1138211s  (EN(SO)» Cl1471101}
EGUIVALENCE 115Y5y Ci14T72) 0 {JEAN, C(1673)
EQUIVALENCE (ACX s CllaTa))e tACFy L1475}
EQUIVALENCE {AMX s Cl1476)) {AMF « Ci1477)
EQUIVALENCE 1RHOX Ci1678) ) TRHOF y Cl1679))
EQUIVALFNCE LCOEFXIT1) C116480) 1y [COEFX[20)s CE1499))
EOUTVALENCE (0xt1ty CL1500) ) (DX120) crisien
EQUIVALENCE (FORMLAI1)1s C(152011s (FORMLA(18]s CL1537))
£QUIVALENCE (MMLATLYy CU152011s  (MMLA(18)s C(1537)
EQUIVALENCE CPRCG(1}y  CH153811s {(PRODI(3), C(15401)
EQUIVALENCE (SYSTMIX)s CU1541le (SYSTM{LS5)s 115551}
EQUIVALENCE IMTSYS(1)s CU15G130s (MTSYSI{1S)s C(155511)
EQUIVALENCE 10F s C1158&) )y {FPCTy Ci1557}
EQUIVALENCE {EQRATS CI15581}1
EQUIVALENCE (XODEs ClLis58%) by {CASE s Cl1560)
EQUIVALENCE [KONT Ci156111s {NFo C{1562}
SQUIVALENCE (NO» C{1563) e INEs C{1564)}
EQUIVALENCE (NOEGs Ci15651)
EQUIVALERCE TBOX 1) CH177101y {BOXIES)y Cr1785))
EGUIVALENCE [BOF L) Cli786)bs IBOFII5)s Ci18001)
EQUIVALENCE [HX CL1BOL) )y (HF, cri18o02))
EQUIVALENCE (VXPLS» CL1803)1)s (VXMEINY CL1804))
EQUIVALENCE (VFPLSy CL18051)s (VFMINY Ct180611
EQUIVALENCE JEN LN(1)s €¢1861}1s (EN LR(SQ)s CI19501}
EQUIVALENCE (DEL N(1)s C1981331e (DEL NiSO}s (204011
EQUIVALENTE {HDUT by C12041)}s (HOUSQ)s Ci21300)
EQ'IIVALENCE 1Sty C{2131}s (S1901)s ct2z220)
EQUIVALENCE X1y Ct2221)1s (X120} Cl2240))
EQUIVALENCE {DELTAL1)s C{2261))s IDELTAL20)s C12260))
EQUIYALENCE (BOL11y Cr2261))s BOI15)y 122751
EQUIVALENCE POy Ct2276))s [HSUBO4 cr2237n
EQUIVALENCE (S0 Cr227810s (T LNy crazrvn
EQUIVALENRCE 1Ty Ct22801)» (AAY LNy cr2281y)
EQUIVALENCE (AAY C12282)1) ) (CPSUM, Cr2283))
EQUIVALENCE (nCe CL22841)» (TC LN» cr228s))
EQUIVALENCE (PCP{1te Ct22861)s (PCPI25] ct23ien)
EQUIVALENCE ¢DATUMIL1s (231103 (DATUM(31s CI(2313))
EGUIVALENCE 1Py C(23141y {TCy C(231511
EQUIVALENCE { IPROR C123160ts (IFIXTy C(2317y
EQUIVALENCE (IHSy C(2318))s (ICONDs C1223191)
EQUIVALENCE (ISYMy C12320) )+ (1PRODs ctz2321t
EQUIVALENCE {IDIDY Ct2322))» (LORUM, Ci2323)
EQUIVALENCE 1 1ORM, C{2323))s IKDRUMy C12324))
EQUIVALENCE fLs 1232510 [L1y ci232e))
EQUIVALENCE My CL23271)s M1y c12328))
EQUIVALENCE (N Ct2329 ) €10, Ct2330))
EQUIVALENCE (1Q1y C1233111s (162 C12332))
EQUIVALENCE 1103 C(23331)s (KMATS (23341}
£QUIVALENCE (IMAT Ct2335)1s ([USES C123351)
EQUIVALENCE i TADDy C12336))s (ITNUMBS ct233n)
EQUIVALENCE {1TAPE s CiZ33B))y {Py Ct2339))
EGUIVALENCE [IDEBUCY C12340)) s [IFROZy Cl23uly
EQUIVALENCE tALL) Ci2362)0 0 (A11350)s  CL3691))
EQUIVALENCE [COEETItY)s C[3692))s [COEFTLI1350)s CU5041))
EQUIVALENCE (COEFT2(1)s CU5062))s (COEFT201350}1s Ci63911)
EQUIVALENCE (COEFTI1)y Ct63923)s (COEFTL1350), CLTT410)
EQUIVALENCE {ATOMI11s CU77421), (ATOMI303)s C(8044))
EQUIVALENCE IMATOMIlls CUTT7421)1s (MATOM(3031: CLBO44))
DIMENSION G(20e21)s A(15,301 s EN{SQ)y EN LAN{901
DIMENSION DEL N(SU)» HO(9Q)s 5{301)s X(20)
OIMENSION DELTA(20)s BO(15)s PCPU?251 s PRODIY)
DIMENSION CCEFX({201s DX{20)» FORM{15)
DIMENS!ION COEFT1{15990} » COEFT2(154901
DIMENSION ELMTI1S]s DATAL22) s DATUM{2)» FORMLA(18)
DIMENSION BOX(15) BOF{15)s ARS 454}y S5YSTM{15)
DIMENSTON LELMT(15) sMISYSI15) ) MDATALZ?)
OIMENS [ON ANSLABL G541 COEFTL15,»900
DIMENSION  MATOM(1Gle3ts ATUMU10193)
DETERMINE WHICH MATRIX IS TO BE SET UP
SENSE LIGHT LIGHT ON LIGHT OFF

1 COMBUSTION TYPE EXPANSION TYPE

2 ASSIGNED TEMPERATURF UMASSIGNED TEMPERATURE

4 NOT CONVERGED CONVFRGED
1q1=1<¢1
1922102
1032103
IF {SENSE LIGHT 21 1s4
SENSE LIGHT 2
1F (SENSE LIGHT &) 2,3
SENSE LIGHT &
IFIXT=]
IsymM=101
60 TO 10
1FIxXT=2
IH5=1
1sYM=1G2
GO 10 10
TFIXT=2

IF {(SENSE

LIGHT 1} 58

1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
19113
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1950
1961
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1956
1955

1956
1957
19586
1959
1960
1961
1962
1962
1564
1965
1966
1967
1968
1969
1970
1871
1972
1973
1974
1975
1976
1977
1578
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1589
1990
1991
1992
1993
1994
1995
1996
1997
1998
1995
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
201%
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211
212

o

2

21

24

2

Y

40

45
50

1]
70

T

>

75

®
d

50
85
100

SEMSE LIGMT |
IHs=]

ISYM=s 102

G0 70 1o

IF [SENSE LIGHT 4) 7, 8
SENSE LIGHT 4

1Hs=2

ISYmMe]Ql

60 70 10

THs=1

ISYym=]Q2

CLEAR MATRIX STORAGES TO ZERD

D0 212 I=ls1GQ2

00 211 Kk=isliC3
GilsKim 0,0
CONTINUE

CONTINUE

1Conp=1

IF {L-10) 14,213,146
ICOND=2

BEGIN SET UP OF ITERATIOM MATRIX

DC 65 J=lsM

CALL BYPASS {Jal}

IF (IPROD=2) 651214465
IF LENTJY) 65465412

CALCULATE THE ELEMENTS R{IsX!

DO 20 I=ly L

IF TACTaJ)) 13420013

TERM= A{T4JI¥EN(J)

0O 15 Kk=l» L

GiIsKla GilaK} + A(KsJ)*TERM
CONTINUE

COMPLETE COLUMN A FOR THE GAS MOULECULE

GEls1Q1YsGIls Q1) +TERM
CONTINUE
GUIGL 1G] GLIQI IO )I*ERTI)

STATEMENT 264 1S FOR FIXED Ts 30 1S FOR VARIABLE T AND CONVERGED
FIXED T

IF (1IF1XT=2) 24430430
FOR ASSIGNED T BYPASS ENERGY ROW AND T COLUMN WHILE ITERATING

TERM= (HOJJ)=S1J)I*ENTJ)

DO 2% I=1s L
GUI4IQ2)=G{I+TQ2)+A( 1+ )RTERM
CONT INUE
GiI01e102)aG(101+1Q2)+TERM

G0 TO &5

FILL TN TEMPERATURE COLUMN AND RIGHT HAND SIDE

TERMaHO (JI%EN(J]

00 35 f=lsL

GilelQ2)e GIIHIQ2Y+ALI ) ®TERM
CONTINUE

GIIOLIIC2)™ GLIQLstG2)I+TERM
TERM] = (HOLJ)I=SLJ) V*ENRTS)

DO 40 I=l,L

GUEAIO3Ys GII41Q3)+A{ T4 ) #TERM]
CONTINUE
GUIO1s103)2G11Q1a103)+TERML

STATEMENT 50 1S FOR ENTHALPY o 55 IS FOR ENTROPY EQUATION

1F [1HS=2) 50455555
GliQ2s1Q2)=G(I02+102)+HO( J)#TERM
GIIO2¢103)=G(102¢103)4HO(JI#TERM]
GO TO 65

DURING EXPANSION THE ENTROPY ROW 15 FILLED IN

TERM=S{ JI%EN(J}

DO 60 K=l,L

GOIQ2eK)t2 GIIQ2sKI*AIK s JI®TERM

COMTINUE

G{1Q2,10)1mG(1G2,1Q1 }+TERM
GUI02+]021=G(IQZ,1GZI+HOL{II#TERM
Gl1Q2+103)=GtI1Q2s 103 14(HOTI)~StI}I#TERM
CONTINUF

AT THIS POINT PROCESSING OF GASEOUS PRODUCTS HAS BEEN COMPLETED
AND CONDENSED PHASE PROCESSING 15 SEGUN

STATEMENT 70 1S FOR CONDENSED PRODUCTSe 101 IS FOR NO CONDENSED
IF (1COND-2) 7041015101
K=L1

DO 100 J= MlN

CALL BYPASS {Js1)

IF [IPROD-2) 100+74410C
DO 75 I=1st
GlIvRIzA{Ls}

CONTINUE

STATEMENT 80 1S FOR FIYED Ty 85 IS FOR VARIABLE T AND CONVERGED
FIXED 7

IF [IFIXT=2) 80485485
GIky1Q2)% HO(JI=514}
GO TO 95

Gi<a1021m HO(J)
G{Ks1Q3)m HO(JI~S(J)

STATEMENT 95 15 FOR ENTHALPY, STATEMENT 90 IS FOR ENTROPY EQUATION

IF (IMS=2) 95:90,90
G(102sK} 514}

K= K41

CONTINUE
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Ana

Aon

log
104

104

108

104
1ic

115
125
130
171

133
136

s

150

165
les

le8
189

189

?;FORE COMPLETING THE

RIX
MATR
00 106 T=1s05YM

VG 107 Jslal
Glay1)=60Ted!
CONTINUE
CONTINUF

THE ADURESS OF THE NEXT INSTRUCTION IF SET DURING INITIALIZFTION
STATEMENT 105 1S FOR CONDENSEDs130 IS FOR NO CONDENSED

IF [1COND~Z) 10913013
COMPLETE TULUMN A OF MATRIX
CC 129 J=M14N

CALL BYPASS (sl
IF TTPROD=-2) 12991069145

oo 10T I=lat
GEEsl3] CEEDII+ACE I *ENT )
CONTINLE
1F (IFIXT=21 175410%s10%
10 1i5e118

N = GUIG2» 1GII+HOL I #ENTJ)
GO T 129
GUINZ»IATI= HUIAZVINLISCIERENLI]
CONTINUE
GO TO 11314133)1FIXT
CMAT= 107
GO TC 136
KMAT=103

[MAT =g MAT=1
COMPLE TF THE RIGHT HAND SIEDE

D0 145 1=1¢IMAT

Gl KMAT I =GL] oKMAT I =G 1 4i2]]
CONT{RUIE

B0 157 T=1sL

RIT4KMATI= G [4KMAT)+ AAYSHO(I)
CONTINUF

Pa G11G1s101)

GL1Q1aKMAT) = GIIG1sKMAT)+ PO
GUICL4[01}=040

COMPLETE ENERGY RCW AND TEMPERATURE CDLUMN

IF [KMAT-IG2) 16541851165

[F (IHS-2) 1664168168
ERGY=AAY®[HSUBD/T)

GO TO 169

ENERGY= AAY#50+P0-P

G11272.102 (1Q2+1321¢ ENERGY
GI102+1Q21+CPSUM

2180
2181
2182
2182
2184
2185
21886
2187
2188
2189
2190
2191

107
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SUBROUTINE

CORE3

FROZEN COMPOSITION EXPANSION

COMMOK C
EGUIVALENCE
EQUTVALENCE
EQUIVALENCE
EQYIVALENCE
EQUIVALENTE
EQUIVALENCE
EAUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FAUTVALENCT
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQIIVALFRCE
EQUIVALENCE
ECUIVALENCE
FOUTVALFNTE
EQuIVALER:
EguivaLEnlt

EwUIVALENCE
EZUIVALENTE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ELXJIVALYNCE
EDUIVALENCE
FQUIVALENCE
SUTWALENTE
LUUIvALEN
ESLTVALE
ECUTVALERCE
ESUTVALENCE
EQUIVALENCE
EOUIVALENCE
QUIVALENCE
FQUIVALFNTE
EQUIVALENCE
COUIVALENTF
EQUIVALENCE
EQUIVALENCE
£QUIVALENCE
ECUTVALENCE
EZUIVALENRCE
EGUIVALENCE
EGUEVALENCE
FLUIVALFRCE
EQUIVALFNCE
EGUIVALFNEE
EDUEVALENID

EGIIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQIVALENCE
EQUIVALENCE
EOUIVALENCE
EQUIVALF
EGUIVALE
EGUIVALENTE
fou

£
EQUIVALENCE
EGUIvALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
UIVALFN
TAUIVALEN
EQUIVALFEN

fVALERCE
FOOIvALERTE

DIMENSEON
CIMENSIO
DIMERSTON
DIMENSICN

[SIRN] Crlhhe 15162010
FANSTIby  Cl&P10)s  [ANS{&b4l1y
PHSUM [SEFERREY 1SSUMs
(WTMOL Cl4261 by (CPy
(DLMPT, CLG2Bh)s  {DLMTP.
(GAMMA, Ci430))e  [ARATION
(YMACH, [SEXPEREY [SP WP,
{VACTy Cle34) ) tCFy
(RHG T, CL437)1s  (RHUVAC
(RHT <ta39))
T Pls CledQlls (P11
(EP Pl, Ctaa2)y (AW Pl
(1 E7A, Cias5))
(EYA T» [SETTERN] 1EP ETAs
(AW ETA, Ciaagiiy (T SIGs
(816G by Cras1y1e  (EP S1Ge
(AW SIG» [SEEERR]
CANSLAB(1)s CI8T51) {ANSLABIGS4A T,
(FORMELY Ci1329%1ts (FORMI151s
FELMT T, CI1346 1 e (ELMT{15)e
(LLMT i1} Cii346)1s  (LLMTH1ST,
(DATAILry  CL135901 00 [DATAIZ3]
PMDATAN LEe  C{1359)1s  (MDATALZ))s
PENTLys  CH13B2)3s HEN(9Obs  C
resys ST FARRY TJEANS
(AT CLl4T4) )y [ACFy C
CAMK CH1676) 1y 1AMF,
[RHOX TI167B) 1y 1RHOF »
[COEFXTIN, Ci16801 )y (ZO0EFX(20
Xty CH1%00 b IDX{201s
CTORMLACL Yy C115200)s  {FORMLAILE
(ML ALYy CT15200 0, [MMLA{LRY
(PRON4I1e  CL15381)s  (PRODIZS,
CSYET(1] (1561015  ISYSTMILS),
(MTSYSE11s CL15GEY) s (MTSYSUES)y
(CF Cr155€) 1y (FPCT (401
TEURAT, CL19561)
1KODEs Ci1559t 1 (KASES ct
IKONT Ci1S6111y INF»
[ 41563110 (NE,
INDE (1168811
INOFROZy  C41566101
THOX (1) 177101, (BOXI151)
1HOF L) CL178611y (BOF(151y
(HXy CI1BO1 )Ty (nFe
CI18031 s (VXMIN,
C11805) 1 (VFMINS
CEN LMULEy CU2881)%s (EN LN(SOIw
(BEL MUL1s  €1195101s (DEL N4902s
BN C1208110y (RO(GCYS
iStliy C1213100s (50900
X1y €221t {X(20)s
(DECTAL LYY CP2261 )1 (DELTAC2Q0s
(RO by CU27611s (BO(15)
tPOy L122781 1 (HSUBO
150y TL22781 ) (T LNy
(7, Cr22B01) s (AAY LNy
I AAY s CL22821s (CPSUM,
tHCy CU22B41ls (TC LNy
IPCP ULk C122B&)y (PCP(25)
TDATUMI L he C1231101s (DATUMI2),
1ROy 12314y HTC,
[EPROHY C12316) 1 (IFIXT,
rEssy Tt2318)r)y {ICONDS
PISYM, Ci2320))e (IPRODG
100, TH23221)s ILDRUM.
FICRM C12323) s (XKDRUM,
Ly T1e32541s L1y
[0 C1232701s MLy
My 23291y tliy
IR Cr23310 0 (L2
11G3, CL23331) (KMAT
{TMAT,y C123351)s (IUSES
P1ab0, C233611, (1TNUMR,
(ITAPF S C1233B) 1y Py
(1DEBUGS C4234011s (IFRGZs
tatly, C12242301s  (A(1350),
(COEFTIIYs  CA369711s (COEFIILI3S
(LOEETII1)e CH506211y COEFT2E1350
ETULIs C1639211y FTe1350

i THT78210 1AYCKLER0A) e O
t s CUIT42)1e {MATOMI03).
Gi20221 0 4{15+901 ENEGOT
DEL ON(9C0}.  HDISC)e 54907
DFLFAL204s HOU15) FIPLZS)
CCEFX{2Cty  DX{201s FORMILIG T

DIMENSION CDEFTINE5490) » COEFT2(15,GC)

GIMENG TN
(UMENS TN
M MS ]
UIMINS TN
OIMINSION

NO FROZ=C
MISSEDn

ELMTI16),
ABX1190,

DATA(23) 4
@OF (150

NATUMER ).
ANS{a54 1y

NOLLMTOISEMTEYaL15) sMDATAT )

ANSLARILT 4}y
MATOML T3ty

1ea56

COEFT(15550)
ATOM{102s7)

1420y
18741
Cla2511
Lis271)
Ciaz9iy
Cla3lny
Cla331)
[SEETIN
Cle3g))

Claad)}
[ELERN)

Crealy)
CLas50))
Ctaszy)

1328y
CL13433)
CL1358))
Ce1358))
113815

CE13811)
147141
[qBLYEIE]
(167514

C{14774)
C{1e?q))

Ye Ci1499%11

115190

Joo CIIB3TYH

CH1847))
Cr154g))

Ct1855))

CH15551)
5571

15600}
Cr1s6e21?
Cl1964))

Cr178%5))
CL1800) )
CL1802)1)
CL1804))
CL1806))
CL19501)
C1204011)
cez13on)
ctz2z2o0)
CL22401)
CL2260))
L2275

122711
€1227911
Ci22811)
Ji22a31]
ci22851)
Ci231011
231311
121181
23171
1231911
23211y
1232311
232411
C123261)
ctzazayy
23700
C123374)
[NFEELRR]
123351}
123371
CE233s))
Crz3en))
Cr3e9iy)

€1y Cr90411}
Yy CEAISEHG
Yo C177ALEY

[E:NETEN
CLegus )

EN LN{RO}
21201
PRODI 4}

FORML &1 1A}
RYSTMELS Y

ANSLARG U]

ENUJP=ARSta® v 3a)
LF LENT) Y 6956415
[F (J=M) S2C,7

EN LNIJ)=LOGF (EN(J))
ALFHASALPHATEN! J)
0 Te 7

EN LNLJI=040
ENLJ)=0.0

CONT INUE

WTMOLF =ALPHA®WTMOL
PC=ANSE?)

2192
2192
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2716
2217
2218
2219
2220
2221
2222
2221
2224
222%
2226
2227
2228
2729
2230
2231
2232
2233
2236
2235
2236




AnAan

amn

Aon

Ann

T LN=LOGFIANSI3)}

HC=ANS(4)/1.,98726
SO= LANS(5)#WIMOLF/1.98726) +ALPHA*LOGF [PC/ALPHA)
OLMPT=040

DLMTP=040

BEGIN CALCULATIONS FOR CURRENT POINT
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

00 1117 J=ljyabs
1117 ANSLAB{J)=ANS(J)
17 T=EXPFIT LN)
19 IF JCOEFTIT411-T) 21427927
21 IF {COEFT(741}1=500040) 234225451
72 IF 1TADD=2) 51431431
23 DO 1123 K = 1415
DO 1123 J = 1450
1123 COEFTIK»J) = COEFTLIKsJI
SENSE LIGHT 4
GO TO 19
25 DO 1125 K = 1,15
DG 1125 J = 1490
1125 COEFT{KyJ1=COEFT2IKyJ}
SENSE LIGHT &
GO YO 19
27 1F (T=COEFT{6s11} 25435435
2% IF (30040-COEFT(691)) 259224451
31 IF (SENSE LIGHT &) 38+305

LEAYE FOMIFN RRACRAM [F NATE FOl 4Ny SPErIFS 2.N%

35 IF (TARPD-2) 51437437
37 IF ISERSE LIGHT &) 3Basl
38 SENSE LIGHT &
DO 40 J=1sN
IF (COEFTIBsJ)) 4013904
A9 [F [EN(J)) 603404309
40 CONTINUE
GO 1O 49
41 DO 44 J=1sN
IF (EN(JY] abrhbsb?
42 IF (COEFT(5,J1+20¢0-T) 28554634643
43 IF (T-U0FFTlesi)>20.0) 295014brbe
285 IF (5000,0-COFFTUAIIT 4bybir3]]
295 IF (COEFT{ayd1=-300s01 b44v04s311]
44 CONTINUE

BEGIN ITERATION

49 PCP (N=LOGF {PTP{LADD))
51 CPSUM=0.C

TEEXPF(T LN)

DO 60 J=1iN

IF (ENTJ1Y 60160157

57 CPSUM=CPSUMH( (((COEFT(12,JI*T+COEFT(11»J) I *THCOEFT U, ) #THCOEFTH

195 JYI#THCAEFT (B4 JIIRENCL)

58 HOGJ = {LCOEF T2 0 1 /5 01X T+COEFTIL11 0] /7440 #T+COEFTIL1045) /3200 %T

14COEFT{G9J1/2+401%T +COEFT(130J) /THCOEFTIB2)]

59 S{J1=((({COEFT(1241/640 I1¥T+COEFTUL1L0J1/340) #T+COEFT (101517240047

ot

1 +7OEFT{9yJIISTHCOEFTIR,JI*T LN+COEFT(140J1-EN LNL)

60 CONTINUE
SUM H=0e0

0

DO 63 J=IaN
UM H+HOT JPRENT S}
UM S+STJI*ENTL)

IF (1ADD-2) 81165165
65 IF (SENSE LIGHT &) 66181
66 SENSE LIGHT 4
67 D LN T=(SUM S+(ALPHARPCP LNI=S0)/CPSUM

CHECK CONVERGENCE OF THE ITERATION

T LN=T LN-D LN T
1F {ABSFID LN T)=0e5E=4) 73573451

73 IF {SENSE LIGHT 43 17917

81 DO 1181 J = l.454

1181 ANS{J) = ANSLABIJ}

SUM H=T#*SUM H/WTMCLF
CPR=CPSUM/WTMOLF
GAMMA=CPR/{(PR=1140/WTMOL})
IF {IACD=2) 20941914197

CHECK FOR UONVERGENCE AT THROAT
191 DHSTAR=HC-SUM H = [GAMMAT/{2.0%WTMOL)}

IF (ABSF(DHSTAR/({HC=SUr H))=~0euE-4) 19741974192
192 IF (ITRCT) 193,197,192

193 PCPU2)=PLPI2) /10422 O¥DHSTAR®WTNOL / (T (GAMMA+1.0 )} )

SENSE LIGHT 4
1TROT=ITROT~1
GO TO 49

CALCULATE PERFORMANCE PARAMETERS

IMP =294+ 9B*#SORTF [{HC-SUM H)®1a98726E-3)
C/PCPLIADD )
(B6,4579%T 1/ (P*WTMOL* 1446960067 SP IMP)
C1ADD-2) 203220142C3
201 AWT =AW
CSTAR=22. 174 ¥PC* 144696006 #AWT
203 CF=32.174%SP 1MP/CSTAR
ARATIO=AW/AWT
VACI=SP IMP4P*14,696006%AW
VMACH=ZSP TMP/SORTF (865 4579%GAMMART /WTHOL }
207 ANS(2)=P
ANS(3}=T
209 H5UM=SUM H#1,98726
CP=CPR#1498726
ANS{11=PCP(1ADD}
ANSI15) *CSTAR
WRITE TAPE 341ANS(I)sI=1s454}
NO FROZ=NO FRGZ*1
IF [MISSED) 45192234452
223 1ADD=1ADD*1
IF ([ADD=2) 1225522441225
274 PCP(21=((GAMMA+140] /2401 %% [GAMMA/ {GAMMA=140})
T LN=T LN4LOGF(2.0/(GAMMA140))
1225 IF (1ADD=251 2251225e451
225 1F (PCPUIADD)] 651s4515227

2312
2313
2314
2315
2316
23117
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
23134
2335
2336
2337
2338
2339
2340
2341
2342
2343
2354
2345
2346
2367
2348
2349
2350
2351
2352
2353
23546
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2387
2368
2369
2370
2371

2372
23713

2374
2315
2376
2177
2278
2379
2380
2381
2382
2383
2384
2385
2386
2387
2388
2389
2390
2391
2392
2393
2394
2395
2396
2387
21398
2399
2400
2401
2402
2603
2606
2408
26406
2407
2408
2409
2410
2611
2512
2511
2414
2415
2416
2417
26418
2619
2420
24621
2622
2623
2424
2625
2426
2427
2428
2629
2430
2431
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I Xatal

227

ns
306

307

308
449

]

U5
310

SENSE LIGHT &
GO TO 49

ERROR PRINT CuT

WRITE AHTBIT TaARE £, 186, T 16"

FARMAT [1THL THF TEMPFLATIOC =k |2, 0280 £y 16 T 05 RAR
1F [6000«0-T) 44993075307

IF [7-200.0) 6434308,704

HC TO Wl

MISSED=]

[TROY =D

IF (SENSE LIGHT 4} 51151

WRITE TAPE 34 1G(11s [=598046)

CaLL CORES

RETURN

WRITE GUTPUT TARE 69310+{CCEFTEI4J1s1=103)C0EFTIBsJ)sCOEFTITyJ)
FORMAT [13H6THE SPECIFS 3A6s25H HAS NO DATA IN THE INTERVAL ZF5.1)
DG 1311 K = lalb

DD 1311 4 = 1150

COEFTIxy ) = COEFTLIK.J}

GO YO 649

WRITE QUTPUT TAPE &£3312+ 1COFFTILaJbal=la3)sT

FORMAT {13H6THE SPECIES 3A6,19H HAS NO OATA AT T= £9.1)

GO TU 849

EaRniNT 15y

I

2u32
26373
2634
2635
2636
2437
2438
2439
2640
2501
2442
2443
24k
2445
2646
2447
2648
24453
2450
2451
Zub2
2453
2454
2459
2656
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SUBROUTINE

CORES

CHAPMAN=JOUGUET DETONATIUNS

COMMON €

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQ/TVALENCE
EQUIVALFNCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
£QUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQHIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENRCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQ'IIVALENCE
EQUIVALENCE
€QUTVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

1GLL), Cllbhy (G(4z0)y Crazon)
TANSTYbs  Cl&210)s  {ANSIL54)y 84y
LHSUM, Ciapal b 1SSUMs Cta25)
(WTMOL s C14261)s  [CPs Ctaz))
(OLMPT, Clu2B))s  (DLMTP, Ci429)
(GAMMA, Cra3o)dy  (ARATIUS cle3l)
(VMACH) Cra32)yn  (SP IMPy Cie3s)
(VACT, Cla3adly  (CFy C1e36)
(RHOT, CLa37))y  (RHOVACH Cre38))
(RHO Cta39))

(1 Ply Ctas0)ty (P11 Clasl)
(5P Ply C145211s (AW PIy Clan3)

(T EThs Cls4511

(ETA 1, Clasb1ty  (EP ETAs Clsatl
(AW ETA» CiaaB))y (T 51Gy Claso
1S1G 1s Cia51ite  (EP SIGs Cis52)
1AW S[Ge Cla531)

TANSLABIL)s CEBT5)}y {ANSLAB(&54)y C(1328})
(FORMIIYs  C11329)1s [FORM{15)s Ct1343))
(DATACY), CU1359))e [DATA{23)y C{13B1))
(MDATALI's CP13590)y [MDATA{23)s Cil3BL)
(ENI13,  CI13B2))y (EN{90)s  CL1LT1)
(18YS, CL1672))

(ACX) CL16761 00 (ACF, CilaTS)y
CAMX CL1aT6) )y LAMF, {1477}
(RHOXy CL1478)),  [RHOF, C11479) )
tCOEFX(1Ts Cr1680)1, (COEFX(20), CE1&99))
(OX(1)s Ct1500)1s  (DXt203»  CL1519)
(FORMLA(11s C(1520))» (FORMLAL1B)s CI1G3T})
(MMLA (1Y Ct15201)s  (MMLA(181» C(15371)
(PROD(1ty C(153811s (PROD(31»  CL1540)
(SYSTMills C(154110s {SYSTM(15]s  CU1555)

(MTSYS(1)s C{156130s (MTS5YSI151s €(15551]

{OF» CI15561 0 (FPCTs C(1557)
1QOF » C{15561)
{PERCF CL1557 1)y {EQUIVY ce155a1)
(EQRAT, <1558

{KASEs Ci15601)
TKONT 115610 ) [NF s Cr18621)
INO» Ci1563)1s [NEs Ci1564)1
[NOEQ, CI1565))
INOFROZ» CL15661)
Pl CL15671 0 (T1» Cr15686))
1AMy Ct156911s (H1» cris70))
{CONy CE15T10 ) 15721
(Ry CHL5731) NSEEIVE]
P JEANS CL15751 0 Ct1585))
(Aly C{15761 1 (A2 CL1577 1, (A3, L1578

(Aay €157

EARKY (ASy

(158011 (A&  CL1581))

(A7, C(1582))s (ABy C(158311s (AT, 15841
TUUS, 1158611y (USs C(158711)
[PPPy {1588} ) (TTTs 1158911
iTEw C{15%0) ) (TEMs Ci1s911
tAMD CL159200 {uDs C(15931)
[AMOL (1) CI1594 1)) TAMOL (105) 11698y
KDy CL1763))s (10 CH1764))
(MM, CL1765))s [INy CI8C6E))

(MEs C(176911s [KORE, CL8047))
(BOX(1)» COITTIN)e (BOX(15Ys CL178s5))
(BOF {1t Ce178611» (BOF(151, C118001)
(HX CU1801)1s (HF, 1802
(VXPLSy C118031]1s {VEKMINy C(18041)
{VFPLSy C{180511y (VFMINs Ct18061)
[ELMT {1}, Ct1807 11y (ELMT(I5}s C1182101

(LLMT Iy CLL1BOT) )

(LLMT(15)s C418210)

(EN LN{1)» Ct1B&1})> (EN LN(S0}s Ci1950))
(DEL Nills Ct21951))s (DEL N(SQG)s C12040))
(HOL1) Ci2041))s {HOIS0)» C{2130)
(stlle C{2131)}y [Si901)s ci22200)
(X1 TH2221))s iX120)s Ci2240))
(DELTAL1)s CI22641)%s IDELTA{20}s C(2260)}
(BOL11» C12261))s {BOULS}Hy ct227s)
POy C12276))1 {HSURDN ctza21my
(50 Cra2velrs [T LNy ct2279))
(Te CL22B01)s (AAY LNy Ci2281))
(AAY, C12282)1) s (CPSUM, C1228%))
(HCy C(22841)» ITC LNy C12285))
{PCP(1)y Cl2286))» (PCPL25)s Ci2310)}
(DATUMILYs CU2311)1s (DATUM(3), (023:3))
{PCy C123160e (TCs ct23lsn
{IPRORA Ct2316)1e (IFIXTy 4231711
{IHS Ct{2318)hs (ICOND» C{23191)
(85341 C12320})}s (TPROD» cez3zin
1IDIDY C12322))s (LDRUM, ct2323)
CIDRM, Cr2323))s (KDRUMy Ct232a1)
(19 C12325)) 4 fLIw ct2326))
(M C{2327)3s iMly ct2328)1
[Ny C{2329)1y 110y C2330))
(101 C{2331) )0 1102, C12332)}
11Q3, C123331) (KMAT T12334))
(IMAT, C123351)s (LUSES C12335))
{1ADD, C12336))s (ITNUMB, Ct233741
(ITAPE, C12338))s [Py C€1233%))
({IDEBUGY C(23401)y (IFRDZ» Ci2341))
(COEFTLI(1)y  C€13692))» (COEFTL{1350)s Ci5041})
(COEFT2(1y Ct5042)0y (COEFT211350)s C16391))
{COEFT(11s CL&3921)y [COEFTILI350), CIT741))
(ATOM{1ls <C(774213s (ATOM(303)) C{BQG4))
{MATOM{1)s Ci77421}s {MATOM(3021, CL8044))
ITITLE(L) CLA0551 s {(TITLEL315)) CUB369))

EQUIVALENCE{A{1)s Ci{B578))

+» 1A(B3D}s CIS2671)

DIMENSION Gl20921 ) Al15+5Q0 EN(3O}y EN LNE90)
DIMENSION DEL NI90)s HOUSO)s SE90)y X(201)
DIMENSION DELTAL20)s BOI15)s PCP(25) s PROD(3)
CIMENSION COEFXI120)r DX{20)s FORM{15)

DIMENSION COEFT1(15+90} » COEFT2(15+99)

OIMENSTON ELMT(15)y CATAL23), DATUMID ) FORMLAT{18B)
DIMEMNSION BOX(15)s BOF(15) ANST454) SYSTM{15})
DIMENSION LLMT{15)}sMTSYS(15)sMDATAL23}

DIMENSION ANSLAB {4541y COEFT{15+50}

DIMENSION MATOM(101+3)s ATOM(101»3]

2657
2458
2459
2460
2461
2462
2463

2538
2539

2542
2563
2544
2545
2546
2547
2548
2549
2550
2551
2552
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
2563
2564
2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
2575
2576

111



112

€ CORE LCAD &  DETONATION VELGCITIES 2577
TE(JEAN-1011100+1014100C 2578

100 WRITE OUTPUT TAPE 642 257%
2 FORMAT (38H1  DETONATION VELOCITY  CALCULATIONS) PELL
(LIS T 2581
CON=(ACF+COE$ACK) /114 CH+OCF } 7587
AMT=AMXBAME & (1402 0O0F ) / [AMX+OOF ¢ aMF | 2583
WRITE DUTPUT TAPE 6,10(2s+KODE 79584

102 FORMAT (4XsSHKODE=11) 2585
PCPU1)=14,0/PPP 2586
PCP{21=040 2587
R=1.98726 2588
TIT=0.0 2589
H1eHSUBO*R 2550
P1=0C 2591
11=7C 2592
PCePC*144696006 2593
{TR=0 2594
JEAN®1] 2555

20 HSUBO=HI/R+.75%T1/AMI*PPP 2596
21 KORE =0 2597
RETURN 2598

101 DO 1101 J= 1s454 2599
1101 ANSIJ) = ANSLAB{(J) 2600
GAM=GAMMA 2601
IF{KODE 191992491 2602

91 GAMMA=GAMMA®(1,0¢DLMPT} 2603
92 PPP=ANS(21/P1 2604
TTTaANS(31/T1 2605
E=PPP 2606
EE€=TTY 2607
IFUITRI201+200+201 2608

200 TEMM=NTMOL/AM] 2609
1120 2610
WRITE OUTPUT TAPE 64203+114sPPPyITT 2611

D0 202 Ilal,7? 2612
TEM=TEMM/TTT#GAMMA 2613
PPPE=(1,0+GAMMA) /(2. OWTEM)® 2614
20100+S0RTF(140~4s0#TEM/ (1, 0+GAMMA) ##2] ) 2615
TEITEM/GAMMA#POPP 2616
TITT=EE~2T5#R/LAMI#CP J $E+GAMMA*R /[ 2. #AMI#CP )R { (TERR2-1,01/TC 1 %PPPP 2617
WRITE QUTPUT TAPE 6,203)11+PPPP(TTTT 2618

203 FORMAT(15¢2E20¢8] 2619
1F{ABSF (PPPP-PPP]=~,1)205,205,206 2620

206 PPP=PPPP 2621
TIT=F17T 2622

202 CONTINUE 2623
205 PCP(11=T1sTTTT 2624
PC 2P| $BOPP 2625
2626

2627

2628

GAMMA=GAM 2629

G0 1O 21 2630

201 TEMM=PPP/TTT#WTMOL/AM] 2631
TEM=(1.0-GAMMA® [TEMM-1,0}} 2632
A11=1.0/PPP~GAMMA®TEMMY [140+DLMPT) 2633
A12=GAMMAXTEMM# [].0-0LMTP) 2634
A2Y=GAMMA/ 2 40% (DLMPT+TEMMRRZR (2, 0+DLMPT ) | -DLMTP 2635
MAL=GAMMA/ 2. 0% (TEMM##24140) 2638
A22=HAL# (DLMTF=1,0)-WTMOL*CP /R 2637
B1=140/PPP-TEM 2638
B2=WTMOL/(RBANSI31 )% (HSUM=H1 ) —GAMMA /2 (0% (TEMME#2=1,01 2639
ASSIGN 51 TC JJ 2640

50 FEM=A11#A22-A21%A12 2641
X1=(A1»AZ2=R2*AL12) /EEM 2642
X2=(A11#B2-A214E1) /ECM 2643

GO TC JUe (51452553 591 2644

51 TE=ABSF(X1) 2645
TEM=ABSF(X2) 26486
TFATE= 00194, 96,95 2647

94 TFITEN-10196196175 2648
96 ALAM=1.0 2649
G0 TO 97 2650

95 IF(TE-TEMI93,93,98 2651
93 NAL=TEM 2652
GO TO 99 2653

98 HAL=TE 2654
99 ALAM= 44 /HAL 2655
9T PPPP=PPP#EXPF (X1*ALAM) 2656
FITT=TTTSEXPF [X2¢ALAM) 2657

301 US=91+18496 ¥SGRTF [GAMMA®ANSE A} ZWTMOL ) 2658
UD= TEMM#*US 2659
PIPI1)=T1eTTTT 2660
PC2plepPPP 2661

T 2662
IPROR=1 2663
TE=WTMOL 7AM] 2664
TEM=PPPP/TTTTRTE 2665
E=X]#422x7%42 2666
EE=SQRTFIE} 2667
WRITE GUTPUT TAPE 6,10417TR 2668

10 FORMAT (21HC  ITERATION NUMBER=IZ410Xs3HOLD»1TX»INNER// } 2669
WRITE CUTPUT TAPE 62304PPP,PPPEATTT T T o TEMMsTEMeX19K20US)UDHE 2670
29EE 2671

30 FORMAT{EXs4HP/PLoLlOKs LH=2E2048/6X+4HT/T1a10Xy IN=2E204876X 0 BHRHO/KH 2672
J01s6Xy1=262008/6X¢11MDEL LR P/P1y3X IH7E204B76Ks L1MGEL LN T/F343X 2673

22 1H=E2048/6X 0 2HUS # 12K IH=E2008/6X 9 20Dy 12X s 1H=E 200 B/ 60 s 1HF p 134y}t 2674
3E20.8/6Xs13HSOR ROOT GF E,1X»1H=E20.8) 2675
PPPuPPPP 7676
TITaTTYY 2677
IF(ABSFIX1)-45E-05)21s11112 2678

11 IF(ABSFIX21=45E-05113413,412 2679
12 IF(ITR=-10114+13,13 2680
14 [TR=ITR+] 2681
GAMMA=GAM 2682

60 YO 21 2682

13 JEAN=1D 2684
PapPRRR] 2685
TETTT#T1 2686
USE91.18496 *SORTF [GAMMA®T /WTMOL ) 2687
UD=TEMSUS 2688
WRITE GUTPUT TAPE 6,31 2689

31 FOMAT [17H1  FINAL ANSWERS//) 2690
WRITE OUTPUT TAPE 6432,PPPyTTToTE,TEM,P T, WTMOL P14 T1¢AMI 4USoUD 2691
2+CON 2692

32 FORMAT [6Xs4HP/Plyl0XyiH=E2008/6Xs4HT/T1s10Xs IHEE2008/6XesHM/M], 10 2693
X9 1H=E20¢B/6X 4 BARHO/RHOLs6X s IHE2008/6Xs IHP 413X s 1H=E204,8/6X+1HT 413 2694
3XeIHZE2048/6X s 1My 13X 4 1H=E2048/6Xs2HP1 1 12X IHZE2008/6X 24T 101 2X s 1H 2695

h‘EZO-S/bX-ZHH]tl?X-1H=F20-3y’bX-2HUS|12X|lN=E20-5/6XtZHU3|12X91H=E2 2656



2 2HCP 12
TaletNaty

;le:kHO.H!

AN/ ICON=R /AMT )

/{91+184

FERSGRTFICAME ST /7AMY ) |

WRITE OUTPUT TAPE &,aZeHAME 4AMD

FORMAT
&0 1O

(EX s THOAMMA FoaTX91H=E2

180

2EX2PMLs 12K IH=EZDWE Y

DERIVATIVE CF v 12Xs4HLN Pal3XsaHLN Te13Xs5HLN

TAPE 64811X1sX72CASEL

CHXP12HLNF] AT T1»GrTXe1H=3E17481

TEMM®XZ+1e0)*UD

WRITE CUTPUT TAPE 64BusXleX2sCASES
FORMATI6Xs16HLNT1 AT PlaHlsM1y3X41H=3E178)

WRITE QUFPUT TAPE 648541 A2 »CASES
(6X 2 20HA]T AT T14214M] 23£17.8)

150 FEM=o5%{2.0~DLMPT)
H(DLMTP=-140)
WRITE QUTPUT TAPE &,5%
55 FORMAT (17HO
22HBY}
Bl=140/PPP=GAMMA®TEM
B2=GAMMA%®  TEM¥N)
ASSIGN 53 TO JJ
GG TC sC
53 CASEL=TFFMAXL+TEMMEIXZ=140}*
X1=X1-1e9
WRITE CUTPUT
81 FORMAT
Al=x1
A2=X2
A3sCASE]
B1=GAMMA#TEM
B2r-B1*TEM-WTMOL®CON/R/TTT
ASSIGN 89 T2 JJ
GO TO &
59 CASEa=({FiMRrX]1+
X2=X2-140
B4
Abzxl
A5=X7
Ab=CASEY
R2z-WTMOL/(R#T)
ASSIGN 52 TO JJ
G0 TooSA
52 X1=X1*10N0.0
X2=XPALONMNW0
CASFR= [FEMRX1HTEMMEXZ ) ¥ 0
85 FORMAT
ATax1
ABZX?
AQ=CASES
GAMMA=GAM
1PROR=1

UUS=91418496RSORTF {GAME T /8M1}
WRITE TAPE 24{C(1}sl=1s8044)
CALL ouT

KORE=1
RETURN

UDssXs

2729
2730
2731
27132
2733
2734
2735
2736
2737
2738
2739
2740
2741
2762
2763
2744
2745
2746
7767
2748
2749
2750
2751

113



114

nA

SUBROUTINE OuUT

110, 1G(6201s Claz201)
Cta2111s  [ANSI4S&) Ci8741)
Cta28)1,  (SSUM, Cta253)
Clazs)ty  (CPy Cia27))
Cl428}1)  (DLMTP, C1429)
C(43011y  (ARATIO Cie3l)
C(43211s  (SP IMP, Ci433))
Cis3a1)y  (CFy C1636))
C143731)  (RHOVAC) Ci438)
C1439}1)
C(as0813y (P11 Ciebl))
Clad2iis (AW Ply Class)y
CL4a45)}
Cl448) 10 (EP ETAY ClasT))
C(46811s (T SIG C1e501}
Cta5111y  (EP SIGy Cres21)
Cia531y
s CUB751)0 (ANSLAB(4S41s CL1328))
CU132911, (FORM(15)) C(1343)}
CU13591)s  (ODATA(23)y C(1381))
C(135911) (MDATAL231, Ci1381))
C(138211s  (EN(SO)s»  CIN6TIIY
Cltis721t
(1674100 (ACF, CL1679))
CllaT6ils  (AMF, CL16TT))
Ci147831s  {RHOF, Cr1479))
Ci14801)s (CCEFX(20)» Cl14991}
CO1500) s  (DX{20)» 151911
» CU15200)s (FORMLA(18}s €11537))
CH1520)) s  (MMLA(1B}s C(15371)
C{1528))y {PROD(3}y  C(1540})
C{1541)}y (SYSTM(15), L1556
Ci154811)s IMTSYS{16ts CC1555))
C(15561)
(155610 {FPCTy 15571
C11557) )y {EQUIV, Ct1558)
(15581
(KASES Ct15601)
(15613 1e  (NFo 115621}
C(1563)1y (NEy Cl1564))
565))
CL156611
CU156T10e  {T1s Cr1568))
CU156%11s (H1s Cr1s70))
C{15711}s {1TR, Cris?2ny
CU1S7311e 1KODES CI15Tud)
CU15T511s (GAMF, 115851
1576) e (A2»  CU157701s  (A34
57911y (A5  C(I5B013s (A6
82))s  (ABy C(158313s (A9
158601y {Usy CU1587)1
CL1588) 1y (TTTy Ci15891)
(15901 ), (TEM, 159131
155231, (uDs 115931}
ba {01e CL17B4L)
Ya {INy C1BOGE))
)
Cl1ITL)0e (BOX[151s  CL1789))
Cl17864)s (BOF(15)s  <118003
CU18011)e (HF, Ccr1802))
C(180313s (VXMIN, CL1804))
C118051)s (VFMIN CL1806))
186111y {EN LN(SOIs CL1950))
C19511)s (DEL NISO}s C(20e0))
C12051311s (HOL9O1 12130y
CL213101s (5(90)s ct22701)
Cl22211)e (X{20) Clazse)
Ci2241) 1y (DELTAL20}s C(2260))
Ct2261) e (BOU1SHS 227151
Cl2276) )y (H5UBOS ct2217)
C12278)1s (T LN, ct2219))
CL22801)s (AAY Lis 122811
C122B2)3s (CPSUMs Ct2283)
Cl22B&tly (TC LN» L2285
Ci22B&)1s (PCPI25)y  CH23101)
CL23111s (DATUM(DLy  Zt23133)
CH23141, (TC, 123151y
123161y (IFIXT, (23173
Ct2318)1e (ICONDS {12319
C(2320))y (IPROD <23z
€U2322)1s (LDRUM, C12323)
C(2323) 1y (KDRUMy C123261)
C(2325)1e (L1s C123261)
C12327) 1y (M1, ct2328))
C4233111y (G2, C12332))
1232913 11G C123301)
1233310 (KMAT, Ct2336))
€123353), (1USEs C12335))
(2336114 (ITNUMB, €12337)
C12338)1, (Ps Ct2339))
Ct2340)1s (1FROZ, Cr2341))
s 369211y (COEFTLI1350), CI501}}
» C1506210s (COEFT2013501, C(63511)
C16392) s  (COEFTI1350)y CLTTa1)}
CLTT4Z) s (ATOMI3031y CU80L41)
CITTHZ)Ys (MATOM(303)s C80641)
ClBO55) )y ITITLEI31S]) CiB369))
180741y (ELMT(15ts CI18213)
1B071)s {LLMTI15)s 118213}
9268) )y (AMOL{LLITOHy €(10427))
Yis  tA(690)s (926711}
EN(I0), N LNISCH
HO(301}s 50901 X120)
80(15}s PCP (251, PROD[3)
DX{20}y FORM{ 15}
» COEFTZ(15490)
DATA(23}s  DATUM(31,  FORMLA[IB)
BOF{15)s ANS{6541)  SYSTMI15)

LLMT(15)aMTSYS{15)»MDATA(23)

COMMON €

EQUIVALENCE (Gil)s
EQUIVALENCE  (ANS(1)s
EQUIVALENCE (HSUM,
EQUIVALENCE  {WTMOL»
EQUIVALENCE (DLMPT,
EQUIVALENCE {GAMMA +
EQUIVALENCE  (VMACH,
EQUIVALENCE  {VACI.
EQUIVALENCE  (RHOT,
EQUIVALENCE {RHQ
EQUIVALENCE (T PI,
EQUIVALENCE (EP Pl
EQUIVALENCE (T ETA,
EQUIVALENCE (ETA Ts
EQUIVALENCE (AW ETAs
EQUIVALENCE  (S1G 1,
EQUIVALENCE (AW S{Ge
EQUIVALENCE {AMSLABLL)
EQUIVALENCE {FORM{1}s
EQUIVALENCE  (DATALLl}s
EQUIVALENCE (MDATA(L}y
EQUIVALENCE (EN(1) s
EQUIVALENCE (15YSs
EQUIVALENCE  (ACK»
EQUIVALENCE {AMX s
EQUIVALENCE (RHOX s
EQUIVALENCE  (COEFX{1)s
EQUIVALENCE  (DXil)»
EQUIVALENCE {FORMLA{ Y}
EQUIVALENCE  [MMLA[1)3
EQUIVALENCE  (PRODI1),
EQUIVALENCE  [SYSTMill,
EQUIVALENCE IMTSYSII )
EQUIVALENCE {O0F »
EQUIVALENCE  (OF s <
EQ')IVALENCE (PERCFs
EQUIVALENCE  (EGRAT,
EQUIVALENCE

EQUIVALENCE  (KONTy  C
EQUIVALENCE (NO»
EQUIVALENCE (NOEQy Ct1
EQUIVALENCE (NOFROZs
EQUIVALENCE  (Pl,
EQUIVALENCE {AM1,
EQUIVALENCE {CONS
EQUIVALENCE (R,
EQUIVALENCE  {JEAN,
EQUIVALENCE (Als ct
EQUIVALENCE  (A4s  C{1
EQUIVALENCE (AT, CU15
EQUIVALENCE  [UUS
EQUIVALENCE  {PPP,
EQUIYALENCE LTE, <
EQUIVALENCE TAMD y
EQUIVALENCE {KD» C11763)
EQUIVALENCE {MMy CI1765)
EQUIVALENCE (MEs C{1769}
EQUIVALENCE (80Xt}
EQUIVALENCE (BOF 1)y
EQUIVALENCE {HXy
EQUIVALENCE  {VXPLS,
EQUIVALENCE {VFPLSy
EQUIVALENCE  (EN LN{1's
EQUIVALENCE  (DEL N(l)s
EQUIVALENCE  {MO(1)»
EQUIVALENCE  [5{1),
EQUIVALENCE  IX{1),
EQUIVALENCE  (DELTA{1)»
EQJIVALENCE  (BO(1)s
EQUIVALENCE (PO,
EQUIVALENCE (504
EQUIVALENCE (T
EQUIVALENCE  [AAY,
EQUIVALENCE  (HC»
EQUIVALENCE  {PCPI1)y
EQUIVALENCE  {DATUM{1}
EQUIVALENCE 1PCy
EQUIVALENCE {1PROB,
EQUIVALENCE tIHS,
EQUIVALENCE  {1SYM,
EQUIVALENCE (101D,
EQUIVALENCE  ( IDRM,
EQUIVALENCE (Ls
EQUIVALENCE M
EQUIVALENCE {101,
EQUIVALENCE (N,
EQUIVALENCE  {1D3,
EQUIVALENCE [ 1MAT,
EQUIVALENCE  {1ADD,
EQUIVALENCE  [ITAPE,
EQUIVALENCE [ IDEBUG,
EQUIVALENCE  [COEFTII1}
EQUIVALENCE  [COEFT211}
EQUIVALENCE  [COEFT{il,
EQUIVALENCE  [ATCM(I}y
EQUIVALENCE  (MATOMIl),
EQUIVALENCE  ITITLE[L)s
EQUIVALENCE [ELMTI1)s C{
EQUIVALENCE TLLMTIY]s CU
EQUIVALENCE [AMOLL1)s C1
EQUIVALENCE (A1), C[8578
DIMENSION  G20421),
DIMENSION  DEL Ni90G)s
DIMENSION  DELTAL20G),
DIMENSION  COEFX{20}s
DIMENSION COEFT1{15,90}
DIMENSION  ELMT(15)s
DIMENSION BOX(15),
DIMENSION

DIMENSION  ANSLAB(454)4
DIMENSION  MATOMI101:3)
DIMENSION TITLE(35165),
DIMENSTON AMOL(134+90)

COEFT{15:+50}
’ ATOM(10143)
AllSs0b)

2 FORMAT (9JHOCASE MOei5s5Be24FBa2)

crisre))

CL15847))

2752
2153
2754
2155
2756
2757
2758
2759
2760
2761
2762
2763
2764
2765
2766
2767
2768
2769
2170
2171
2772
2773
2774
2715
2778
2717
2778
27179
2780
2741
2782
2783
2784
2785
2786

2825
2826
2827
7828
2829
2830
2631
2832
2833
2834
2835
2838
2837
2838
2839
2840
2841
2842
2843
2844
2845
2846
2847
2848
2849
2850
2851
2852
2853
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871



3 FORMAT (1MO»64X952HWT FRACTION ENTHALPY 574T: TEMP HEAT (AR
2ACITY /25K 16HC ICAL FORMULAS 24X LOHISEE NCTEbsaXs THCAL/MOL 12X
3SHDEG Ke5Xs I3HCAL/MOL~-DEC K}

4 FORMAT (1HOsB84XsabHWl FRACTION ENTHALPY STATE  TEMP P
2 25X+ FOHCHEMICAL FORMLLA»&4Xy 1O ISEE NOTE}suX s THCAL/MUL
3 10X +5HDEG K)

5 FORMAT(1H+s63XsF9e5:F12.304XsALsF10421F12att
6 FORMAT (1H++B3X1F9u5yF12:304XsA1oF10620F1144)
7 FORMAT (1MO»30Xs6HO/F2FSe6s15Hs PERCENT FUFL3"Ra4a20H, {DUTVALENCL
1 RATIO=F7.4)
20 FORMAT (43X ) #6HDETONATION PROPERTIES OF AN [IDEAL REACTING GR5}
21 FORMAT {a3X 4SHCALCULATED USINKG SPECIFIC HEAT RATIC AS irAMMAL
22 FORMAT (1HO424NTHERMOODYNAMIC PROPERITES/27Xs129UNBURNED GASy 5X510
2HBURNED GAS)
23 FORMAT (1X26HP ) ATMy20XeF124503X0F 1245}
24 FORMAT (1Xs8MTs DEG Kel18X2F124243X2F1241)
25 FORMAT (1X»9HH) CAL/G +17X1F124143X3F1241)
26 FORMAT (1X+15HSs CAL/G=DEG K 126XsF12.4]
27 FORMAT (IXsllHMy MOLs WTa15X2F124343XsF1243)
28 FORMAT (1Xs16HCPy CAL/G-DEG K 4 10X»F1Zeks3XsF1244)
29 FORMAT (1Xo12H{DLNM/DLAPIT 14X F 1245, 3X0F12.5)
30 FORMAT {IXs1ZHECLAM/DLNTIP ) 14XpF 12444 3XpF 1046
31 FORMAT (1X+SHGAMMAS21XsF1244s3X17 12440
32 FOMMAT {1Xe9HUSy M/SECH1TXpF12e143X0F1201)
33 FORMAT(1HO/1X»40HBURNED GAS COMPOSITION IN MOLE FRACTIONS//)
34 FORMAT {1HO/1Xs2)ADETONATION PARAMETERS,)
22X527H{UD IN M/SECs H1 IN KCAL/GI)
35 FORMAT [14044HP/P1eaXs1H=FTa335X,21H(DL(P/P1)/DIPLITIAHIZFB518Ks]
28H(DL(P/PLI/DLTIIP1=FB25,5X) 20HIDLIP/P1 1/ OHLIP LA TI=FE,5)
36 FORMAT { 1Xe4HT/T1e6XelH=FT03,5Xs21H(OL(T/TII/OLPIITIAHI=FB
18H(DL(T/T1H/DLTYIIPL=F8,515X 0 20HIOLIT/TII/OHIIP] T1=F8.5)
37 FORMAT (1XsoHM/M]p4Xe 1HZFT 441
38 FORMAT {1X+9HRHO/RHOL=ET,4)
39 FORMAT (1Xs9HMACH NOC Teisd
40 FORMAT (1Xy9HUD TelaSX16HID UO/OLPLIT LML bAXs IHEF8,215Xs13
IH(D UB/DUTLIP 14K 1n=FBs 205X s 15HID UL/DHIIPL T 1ebK s IH=F 842}
1000 WRITE QUTPUT TAPE 6,18
18 FORMAT (1H1}
552 REWIND 3
300 READ TAPE 34 (ANS(I)slx1e454)
HAL=P1#14.496006
I=
J=18
00 150 Juzlan
AMOL (1 el )=ANS It}
FENIYY
350 1=1+1
WRITE OUTPUT TAPE 6420
IF{KODE}35143524351
351 WRITE OUTPUT TAPE 6,21
352 CONTINUE
ZERD=000000000000
106 J=3¢
DO 104 [=1N
00 105 1I=1,3
Kxzl)sl]
105 TITLETILaT)=ANSIKK}
104 JsJ+s
ASSIGN 90 TD JEAN
92 WRITE OUTPUT TAPE 652+KASEsHAL#T]

5Xa )

GO TO JEANS (90451
S0 IF(KDI9T494423
S4 WRITE QUTEUT TAPL 643
GO 10 97
93 WRITE QUTPUT TAPE 644
97 IFANF 145144500451
451 00 100 I=1aNF
11=1
MMe15
CALL SPEC
TF(KD140] ¢400s&0?
400 WRITE QUTPUT TAPE 645 2ALL»36),A014321 sALEs42)sATLs044)ATT4361
GO TO 100
401 WRITE OUTPUT TAPE 6163AlL336)0AT 0320 0Al1442))AlL 000 A1T436)
1GO CONTINUE
450 IFINGI453,452,453
453 DO 101 1=14NO
=1
MMm=0
CALL SPEC
IF(KD)411+81044al11
0 WRITE QUTPUT TAPE 69598119331 sA01231 eAlled11eAl1,431,A01437)
GO 1O 101
411 WRITE OUTPUT TAPE £460A{1+3303A0T931 )0 lsa2t0AIT04310A0135)
101 CONTTAUE
452 CONTINUE
WRITE OUTPUT TAPE 6»7+00F sPERCFeEQUIV
WRITE QUTPUT TAPE 6422
WRITE QUTPUT TAPE 6423sP1+P
WRITE OUTPUT TAPE 642497197
WRITE OUTPUT TAPE £4125,H19sANS(4)
WRITE OUTPUT TAPE £4269ANS(S5)
WRITE ODUTPUT TAPE 61274AM1eANS(G)
WRITE OUTPUT TAPE 642BsCONSANSIT)
WRITE OUTPUT TAPE b5429s2ERCsANS{B}
WRITE OUTPUT TAPE 6430sZEROSANSI(T)
WRITE QUTPUT TAPE 6431+sGAMFyANSI10}
WRITE OQUTPUT TAPEG3Z2sUUSHUS
WRITE QUTPUT TAPE 6433
IN=1
ME=2
CALL COMP
WRITE OUTPUT TAPE 6434
WRITE OUTPUT TAPE 6135sPPPyAlsA4sAT
WRITE QUTPUT TAPE 63369TTTeA29A54+48
WRITE QUTPUT TAPE 6,)40sUDvA3 414694
WRITE OUTPUT TAPE 643747E
WRITE QUTPUT TAPE 6,3B84TEM
WRITE OUTPUT TAPE 6+394AMD
207 WRITE QUTPUT TAPE 6416
16 FORMAT (1HO»30X»16HINPUTs G-ATOMS/G//)
1FINE~-8180180:81
80 KK=l
KKK aNE
LooP=]
GO TO 82
81 XK=l
KKK=8
LOOP =2
82 DO 85 J=1.LQCP

o

-
Ee
Gn F e

ot
@

7
2877
7878
2879
2880
253
2887
FEEE!
28R4
REER
2886
2887
2BE8B
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
29013
29G4
2905
2606
2907
2908
2909
2910
2911
2912
2913
2914
2915
291¢
2917
2918
2919
2920
2921
2922
28213
2524
2925
2926
2927
2928
2929y
2930
2931

2932
2933
2934
25935
2936
2937
29138
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2954
2995
2956
2957
2958
2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2976
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2588
2989
2990
2991

115
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91
119

2¢

21

r o)

55
L1}

WRITE OUTPUT TAPE 63119 fELMTIL) o IsKK KKK}
FORMAT (11X»B816X2AZ»TX))

WRITE OUTPUT TAPE 6+123(BOF tI)s[=xKKykKK)
FORMAT (58 FUEL +6Xe8EL54T1

WRITE CQUTPUT TAPE &+130(BOX (1) l3KKIKKK)
FORMAT (8H OXIDANT#23Xs8E1547]

WRITE CUTPUT TAPE 69142(B0 (1) I=KK KKK}
FORMAT [11H PROPELLANT8E15.7]

IF ILODP-1) B6+E5.88

KK=9

KKK =NE

WRITE DUTPUT TAPE §415

FORMAT [ 1HD)

CUNT [NUE

AS5iGN 91 TC JEAN

GO T 92

WRITE OUTPUT TAPE 6411%

FORMAT (6RONOTE«s2X s 71 WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

10F OAEDANT IN TOTAL OXIDANTS)
RETURK

SUARQUTINE ONCE (NoM}

QUTPUTS DD PRODUCTS

COMMON €

EQUIVALENCE [TITLELL ) C1BO5%) )y (TITLEL315)s CiB369})
DIMENSION MU1051+TITLE{39205) «TEM{210)sFMT(3)

WRITE QUTPUT TAPE 64l

FMT(11=740130207360

FMTI31=210634606060

TEM{11=606001677202

TEM(2)2600104677302

TEM{3)=600207677302

TEMi4 00400677302

TEM{S 00503677302

TEM{612600606677302

TEM(T 1 =600711677302

TEMi{81=601102677302

TEM(9)=010005677302

TEM{10}2010110677307

x=0

KKalQ
oo 10
J=M(1)
IFt1=XK) 20920921

KeKk+1

GO0 10 8

K=l

KK=KK+10

WRITE OQUTPUT TAPE 641

FORMAT 18 )

FMTIZ21=TEMIK}

WRITE OUTPUT TAPE 6aFMTHTITLE(2¢J)sTITLEI3s )
CONT [NUE

RETURN

N

SUBROUTINE SPEC

OUTPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

COMMON ¢

EQUIVALENCE [KONTs Ci1763)}

ECUIVALENCE (ls CI1704)be (MsC(17865))
EQUIVALENCE [A{1)s CIBSTBI}s (A(690)s C19267)%
EQUIVALENCE (ELMTI1)s CI1B07)}s {ELMT{15)s C(182111)
DIMENSION A(15+46)»TEMIS ) gANAME(S) sELMTILST
DIMENSTON 11(5)

FORMAT (10X)4HFUEL])

FORMAT (10XsTHOXIDANT]

IF (M 1 241w

WRITE OUTPUT TAPE 666

0 TO ?

WRITE GUTPUT TAPE 6455

k=0

DO 11 J=1s15

KK=1+M

TFIALJaRC} 112411012

Kzk+1

TEMIK)=A{JeKK]

ANAME [K)=ELMT(J)

TTIK)=TEMIK)

CORTINUE

IFIKONT 122920921

WRITE OUTPUT TAPE Ga4as{ANAME(IIsI1tI1sl=1)K)
FORMAT ( 1H+9 18X s5{A2412+5X}}

GO FO 13

WRITE OUTPUT TAPE 645a{ANAME{I) o TEMIIeI=10K)
FORMAT (1M#41BX351A2+FBa543X)1}

RETURN

2992
2993
2994
2995
29%6
2997
299¢&
2999
300C
3001
3002
3003
3004
3005
3006
2007
3008
309
1010
cit

012
3C12
3014
3015

3021
3022

3059
3060
3061
3062
3063
3064
3065
3066
3067
2068
3069
3070
3071
2072
3073
3074
3075
3076
3Qr?
aQre
207¢
3080
08l
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ToxorT®®m

1
3

4

6l
60

1og

10

11

12

§0 WRITE CUTPUT TAPE 6yl

51
24

201

4
5

E2

21

23
31

e

SURROUTINE COMP

QUTPUTS COMPOS!ITION

COMMON €

EQUIVALENCE [AMOLI11s Ci{9268))s {AMOLIL1TObs C{10437))

EQUIYALENCE [NANA,

€17681)y (IN» C(BOGE))

EQUIVALENCE (MEy C{176913s [N» C(23291)

EQUIVALENCE (TITLEIL] C480551 ) (TITLEC3153s CCB369))
EQUIVALENCE IMTITLE(L)y C(8055)1¢ (MTITLE(315] CIB269}]
EQUIVALENCE (OMITsMOMIT)

DIMENSION

TITLE(3+105)»1OMITL205)ILESS(105)

DIMENSION AMOL {13,901}
DIMENSION FMT(4)roTEMI4T
DIMENSION MTITLE (34105}
FORMAT (1X124612X313F945)

FORMAT (1HG» 118HADDETIONAL PRODUCTS WHICH WERE CONSIDERED BUT W
JHOSE MOLE FRACTIONS WERE LESS THAN 0,000005 FOR ALL ASSIGNED CONDI
2TIONS/ /)

FORMAT (140w 59HPRODUCTS WHICH WERE INTENTIONALLY OMITTEL

1CALCULATIONS/ 7}
OMITra64431626060
TEM(11=606007677302
TEM(21=600206677102
TEM{2}=600604677302
TEM{&)es601102677702
40130207350
10672261033

IFIME-1161+80081

WRITE QUTPUT TAPE 6ak4

M
[F (MTETLE(Ls [)-MOMITH 104100410

TOM=T0OM+1
tomiTriaMy=1
GO TO 9

a0 11 J=1eIN

TF(AMOL el 1= 5F=05111412412

CONTINUE
ILE=1LE+L
TLESS(TLED =]

GO
TFIME=1191+50s51

GO TG 9

Ir=11+]

[F111-XK) 2004200470
KoK+l

TS

<=1

KK =KK+4

1

WRITE CUTPUT TAPE &e64

FORMAT (1M 3
FMT{Z)=TEm(E}

WRITE QUTHUT TAPE 64FTaTITLE (2 1sTITLEL22T)0AMOLITST)

COMTINLE
EFPILE] 21420021]

WRLTE OUTPUT T20F 6,64
WRITE OUTPUT TAZE &yt
CALL ONCE (ILFeILFatd

IFIIOM) 21430431

WRITE CUTFUT ThaFE hyus
WRITE GUTPUT TAPE &ya
CALL ONCF {(1UMyIOMiT}

RETURN

STITLE(Z ) s TITLE (41 a (AMOLIIJyT )9 s=T0 1IN}

3082
2083
3084
3085
08¢
2087
3088
3089
3990
3091
3092
3093
3094
3095
3096
3097
3098
3099
3100
3101
3102
3102
3104
3105
3106
3107
3108
3109
2110
2111
3112
3113
3114
3115
3116
3117
3118
1Y
120
3121
3122
3123
212s
3125
3126
3127
3128
3129
3120
131
3132
3133
3124
3135
ERELY
3137
1138
339
ERT
3141

3142
3142
3144
1145
166
3147
21uR
Iiay
3150
LR E-BY
3192
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SUBROUTINE CUORES

JUTPUT ROUTINE
COMMON ¢
EQUIVALENCE  {ANSI1ts Cl821))s (ANS(456}, CiBT4))
EQUIVALENCE  (PERCF, CL1557}1, (EQUIY, Cr155m)
EQUIVALENCE  {0OF, Cr1556)
EQUIVALENCE (KODE s CI1559) 1y  (KASE, 115600}
EQUIVALENCE  (KONTs  C(156111»  (NF» Ci115621)
EGUIVALENCE  (NC» 1156310, (NE, Ci1564)
EQUIVALENCE  (NOEWs C(15651}
EQUIVALENCE  (NOFROZs L1566}
EQUIVALENCE (&D» C(17631)s §10y C11764))
ECUIVALENCE (MM, Ct1765))
EQUIVALENCE [LEN) C(1766) )y (MAY, CL1767))
FOUIVALENCE (NANAY CLITEB) ), [ME, C{17691]
EQUIVALENCE TLOOPy CI17701)s [KTAPFs C(B0&S]T
EOUIVALENCE  [BOX(1), CLYTTIIbe 4ROX(1S)y  CL1785))
EQUIVALENCE  (BOFi1), CL1786)0s (80FI1%1s  C(1800)
EQUIVALENCE  (BO(1), CL226111, (80(151 CL22751)
EOUIVALENCE  {IPROBs C1231813s (IF1XT, Cr2317h)
EQUIVALENCE (N, €1232911, i1a, C12330)
EQUIVALENCE (INy Ci8046)1
EQUIVALENCE (KKy C(B048)1s (KKK CIB049))
EOUIVALENCE  (TITLE(L], C(80OS5) 1y (TITLEI315), CLB369)
EQUIVALENCE (ELMTU(1ty C1807))y (ELMTLIIS)s CU121821))
EQUIVALENCE (PARI11, CILB370))y {PARIZOB)s C(B577))
EQUIVALENCE(AILls C(B578))s 1416900, ({9267))
EQUIVALENCE (AMOL(1jy CU926B))a (AMGLIL17D)s C1106371)
FQUIVALENCE (DERt11y CI1G438) )y (DERIT&%),y C110606))
DIMENSTON TITLEI34105)sPARII3016)2DERI1I34121,
2 AL15446) sELMT (15}
IsANS 14541
DIMENSION BOX(15)4BOF{15)480(15)
DIMENSION AMOL (13490)
DIMENSION ASOL(13)
EXIT2256731636060
2 FORMAT (9HOCASE NOQuI5+FBe1sF7,3
3 FORMAT (1HO»64Xs46HWT FRACTION ENTHALPY  STATE TEMP DENSITY/
225Xy 16HCHEMICAL FORMULA»24X s 10HISEE NOTE ) 14X THCAL /MOL + 10X
ISHOEG Ke4X»4HG/CCY
4 FORMAT (1HO,84X»46HWT FRACTION ENTHALPY  STATE TEMP DENSITY/
2 25X s 16HCHEMICAL FORMULAs6tX s 10M(SEE NOTE) 46X THCAL /0Ly
BXySHDEG Ky4X»4HG/CCH
5 FORMAT{1H+163X3F9¢51F1243,4XsAlsF10a24F11006}
& FORMAT(1H+483X9F 9450 F12¢344X1A13F10424F1106])
7 FORMAT (1MO430X+4HO/F=F9.6y154, PERCENT FUEL®F8.4,20M, £OUIVALENCE
1 RATIOSF7.4,10Hs DENSITY=FT,4)
00 60 I=1413
60 ASOLIUI)=EXIT
LF L IPROB=~2)%50,5504551
550 NANA=Z
GO 10 %52
551 NaNA=1

552 REWIND 3
KANE = NANA
DO 200 MEx1,KANE
KTAPESQ

300 READ TAPE 3, (ANSUI)yixlpaSs)
KTAPE =K TAPE+1
HAL ZANS(2)* 144696006
HALL=ANS[19)
TFIME=1)20242014207
1 LEN=NOEG
G0 10 203
202 LEN=NOFROZ
203 IF{LEN-131102,1024103
102 KODE=D
GO TO 106
103 KOMT=0
KODE=13
106 Ja34
D0 104 I=1,N
00 105 [I=1,3
KKx el ]
105 TITLECITs1)=ANSIKK)
104 J=Jss
MAY]
1000 WRITE QUTPUT TAPE 6418
18 FORMAT [1H1)
CALL HEAD
ASSIGN 90 TO JEAN
92 WRITE OUTPUT TAPE 642 sXASE s}AL s DOF
GO TO JEANS(904911
90 IF{KD)B3454,93
94 WRITE OUTPUT TAPE 6,3
GO TO 97
93 WRITE OUTPUT TAPE 644
97 IFINF13514350,351
381 DC 100 [=1,NF
11=]
MM=]15
CALL SPEC
IF(KD140114004401
400 WRITE OUTPUT TAPE 605 sAl1a3aloht]1 o321 sAl00h2 14 Al 1ok Al] 436}
GO 1O 100
“01 WRITE QUTPUT TAPE 63694114361 sAt1032Z10AtL 42t AT 20k) »A(]416]
160 CONTINUE
350 [FiNG13534352,353
353 D0 101 1=14NO

2

e

CALL SPEC
TF(D1411s6100411
410 WRITE OUTPUT TAPE 6.51!(Io]!)tllI;Jl)tA(ipb]PlA(I.A?l;ﬂ\[p35)
GO TO 101
411 WRITE QUTPUT TAPE 646sf0143310AL153100A0 a1t sA0463)4A01,39)
101 CONYENUE
152 CONTINUF
WRITE QUTPUT TAPE 647400F 4PERCFEOUTY HALL
TF[KODE) 51550451
50 INsLEN
5o T0
S1 IF(KONT) 53,52,53
52 IN:KOOE
KONT=1
60 TO 5%
53 IN=LEN =13

3242
3243

3245
3246
3247
3248
1249
31250
3251
1252
3253
31254
3255
3256
3257
3258
3259
260
3261
3262
3263
1264
1265
1766
3287
3268
3269
3270
3271
3272
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KODE=0
CALL READ
IF(1PROB-2)600+500+601
601 WRITE OUTPUT TAPE 64602
602 FORMAT {37HOEOUILIBRIUM THERMODYNAMIC PROPERTIES}
CALL PERPAR
GO TG 206
600 WRITE CUTPUT TAPE B4
FORMAT (11HOPARAMETERS?Y
IFIMAY=11641+63164
63 KKsIN-2
WRITE OUTPUT TAPE 65615 (ASOLII) w121y KK)
FORMAT (1HOs16Xs THCHAMBER 14X s THTHROAT »10(3XsA6143Xs4%)
GO TC 65
64 WRITF DUTPUT TAPE 6,66s (ASOLITYsI=10IN}
66 FORMAT {1HO+15X+13(3XsA6%}
65 CONTINUF
CALL PERPAR
IF (ME=11206+2054206
205 WRITE OUTPUT TAPE 6499
99 FORMATIIH )
WRITE OUTPUT TAPE 6,9
FORMAT [12HODERIVATIVES)
[F(MAY-11 50345025503
503 CALL PEROER
GO TO 504
502 CALL PERDEY
504 CONTINUF
206 WRITE OUTPUT TAPE 6499
WRITE OUTPUT TAPE 6,10
10 FORMAT (15HOMOLE FRACTIONS//)
CALL CoMP
207 WRITE OUTPUT THPE b416
16 FORMAT (1HO»30X»X6HINPUTs G-ATOMS/G//)
TFINF-8180+80+81
B0 KKl
KEK=NE
LOOP=1
GO 10 82
81 KK=1
KKK =8
LOOP=2
DO 85 J=1,L00P
WRITE OUTPUT TAPE 6+11s(ELHTUI] s I=KK)KKK]
FORMAT (11X»B(6X2A2s7X1})
WRITE DUTPUT TAPE &412»(BOF (11 1=KKsKKK]
FORMAT (5H FUEL#6X98EL5471
WRITE OUTPUT TAPE 6+139(BOX (11s1=KKsKKK}
13 FORMAT ({BH OXIDANTs1X,BE15.7)
WRITE OUTPUT TAPE 64143 1BO  (1191=xKKeKKK}
14 FORMAT [11H PROPELLANT.BE15.7)
IF [LOOP-1) 86+85486
KK=9
KKX=NE
WRITE OUTPUT TAPE 6415
15 FORMATI1HO)
85 CONTINUE
ASSIGN 91 TO JEAN
GO TO 92
91 WRITE OUTPUT TAPE 64119

®

&

o

®
~

~

o

119 FORMAT [6HONOTE+s2Xs71HWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND
10F OXIDANT IN TOTAL OXIDANTS!
TF{KODE 196995496

96 MAY=MAY+]
GO 7O 1000
9% IF{NANA=11208+200+208
208 NANA=Q
200 CONTINUE
RETURN
END
SUBROUTINE HEAD
OUTPUTS PROPER HEADTNG ACCORDING TC PROBLEM NUMBER
COMMON
EQUIVALENCE {IPROBs C{2316))s (MEs» C(1769))

100 FORMAT t 25X+BOHTHEORETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RIUM COMPOSITION DURING EXPANSION)

200 FORMAT ( 25Xs TSHTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION DURING EXPANSION)

300 FORMAT | 25X»80HTHEORETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RIUM COMPOSITION DURING EXPANSION/46X,2BHFROM AN ASSIGNED TEMPERAT
IURE)

400 FORMAT | 25X» TSHTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION DURING EXPANSION/ 44X 428HFROM AN ASSIGNED TEMPERATURE)

500 FORMAT { 25Xy T4MHTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE
20 PRESSURE AND TEMPERATURES)

£00 FORMAT [ 25Xs T4HTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE

20 TEMPERATURE AND PRESSURES!

IF{IPROB=2114+2410
10 IF{IPROB=413stste
IF{ME-1)12s11412
11 WRITE OUTPUT TAPE 6+100
RETURN
WRITE OUTPUT TAPE 6,200
RETURM
IF(ME=1)1ay13y1é
WRITE OUTPUT TAPE &,300
RETURN
14 WRITE OUTPUT TAPE 64400
RETURN
WRITE OUTPUT TAPE 65500
RETURN
WRITE OUTPUT TAPE 61600
RETURN
ERD

anom -

w

>

SUBRCUTINE PERDER

OUTPUTS PERFORMANCE DERIVATIVES

COMMON <

EQUIVALEMCE (INs C(20481})

EQUIVALENMCE (PER(1)s C(10438))» (PERI169}s CL106061))
DIMEMSION PER(13413)

3273
3276
3275
3276
3277
3278
3279

3308
3309
3310
3311
3312
3313
31314
35
3316
3317
31318
3319
3320
3321
3322
3323
3324
332%
3326
3327
3328
3329
3330
3331
3332

3333

3334
3335

3392
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FORMAT (15HO(DLE/DLPCIPC/P13FQ,5 |
FORMAT (18H {DLT/BLPCIDC/DI3FO )
FORMAT (16H IDLAR/DLPCIPC/PFRAS,12F9,5)
FORMAT (16H {DLCS/DLPCIPC/PFBY5s12F945)
FURMA™ (15H0IDLI/DHCIPC/PR1IFO,5)
FORMAT (15H {OLT/OHCIPC/PR13F9,5)
FORMAT [16H (DLAR/DHCIPC/PRF8454]12F9.01
FORMAT [16H (DLCS/OHCIPC/POFB45412FG,51
FORMAT [16H #(HC IN KCAL/GI)

FORMAT {13HO(OLI/DLPCP)Ss2XKs13F9.5)
FORMAT 113K (DLT/DLPCPISs2Xs13F945)
FORMAT [15H (DLAR/DLPCPIS 13F9.51

WIRITE CUTPUT TAPE 69le(PERIIHZ)4Tx1yIN)
WRITE OUTPUT TAPE 6,20 (PEREI 1)y 121, 1N}
WRITE CUTPUT TAPE 6,34 (PER(243)s1=11IN)
WRITE OUTPUT TAPE 644 iPFREL, Sy l220INY
WRITE DUTPUT TAPE 6450 (PERIL,71,
WHITE DUT2UT TAPE 640afPER{Is6 1},
ATITE DUTUT TAPE 6423 (PERCLs8)

WA Te CuT2UT FAPE 6434 [PERTT,101,

WRETS SUTSUT TAPE 6,9

WRITE CUTPUT TAPE 63100 {2ER{1e12)s1214IN])
WRITE CUTPLT TAPE 64114 iPER{T+11)91=14IN)
WRITE QUTPLT TAPE 64124 (2€R{1,13141=1,41N)
RETURKN

END

SURRQUT INE PERDEY

VUT2UTS PERFORMANCE DERIVATIVES

COMMON ©

EGUIVALENCE {1Ns C(80461)

EQUIVALENCE (PER(E11s C(10438))s (PERII6S)s C{10606))
DIMENSION PER(13,13)

FORMAT (1SHCUOLI/DLPCIPC/Py9Xs12F9,5)
FORMAT {15H (DLT/OLPCIPC/PLIF9.5)
FORMAT {16H IDLAR/DLPCIPC/PyBX112F945)
FORMAT §16H [DLCS/DLPCIPC/Py3X012F945)
FORMAT {15HOIDL L/DHCIPC/O%y0X412FF45)
FORMAT (15# {OLT/DHCIPC/P#1IFILS)
FORMAT (16H (ODLAR/DHCIPC/PRe8X912F5a5)
FORMAT [16H (DLCS/OHCIPC/P#48X912F945)
FORMAY [16H ®{HC IN KCAL/G))

FORMAT {12HO(NLTIZDLPCPIS5411X912F9,51
FORMAT [L3H IDLT/DLPLPISH2Xe13FG.5)
FORMAT | I5H (DLAR/LLPUF)Se9Xe12F9.51
WRITE DUTRUT TARE 6als (FERIT92101E24IN)
WRITE CUTPUT TAPE &40 1PERITs1aI=1s]N}
WRITE DUTPUT TAPE &+3+iPER(T42 1122418}
WRITL CLTPUT TAPE &409{PER(ISIHI=20IN)
WRITE CuTPUT TAPE 64h9(PER(T, 7141224 1N)

wellg TAPE 6365 (PERI146) 51210 1N)
WRITE TAPE 6+ TodPER(1HE) 4 12241N)
WRITE TABE 6485 PERIIN1004122)1IN)
WHITE TAPE &40

whTE TAPE 64100 (PERLLs12)01=2,IN}
AWITE CUTPUT TA CyllsfPERILaLIN,1=14 1N}

WRITE SLTIUT TaPE
RETURN

END

[PER(Is12)p13241N}

SUBROUTINE READ

ORTS WHAT 1S ON TaAPE 3

COMMON

ECHIVALENCE CANSEIds  Cla2B) )y [AKS{454)s Ciataly
EGUTVALENGE (LEN) CH1T66) )y {MAY, CII767)1

FCQIVALENCE (LOOPY C(1770) )y [KTAPE [{BO4%))
ESUTVALENTE [INy Cl806E)}

UTVALENCE NNy €{2329))

SOUIVALENCE TPAREE). C{B370))s (PAR(Z0d}e C{8577))
ELUUIVALENCE TAMOLILYs  C(9268) s (AMOLI11T01y C(10437))
ECUIVALENCE ILERILI), CU10438))s (DER(1691, CLI0608))
DIMENSTUN PAMII3516)DERI1342730, ANS{454)
GIMFNSTAN aMUL (13490

15
PARTfeJ)=anS ()
N=1

D003 J=20,12
DERITaNI=ANS(J)
N=N+)

8

DO G JJ=1eNN

AMGL (1 oN)=ANS(}

EENEY

NN+l
IFIKTAPE~LENI 100+ 10100
READ TAPE 3, (ANS(C) o¥ 214454}
KTRAPE=KTAPE ¢1

CONTINUF

RELTURN

END

SUBRCUTINE PERPAR

OUTPUTS PERFORMANCE PASAMETERS

COMMON €

EQUIVALENCE (XODEy C(17681)

EOQUTVALENCE (INs CIB0461)s [MAYy C(1767)}
EQUIVALENCE (PAR(L}, C(8370))y {PAR{208}s C{B577}}
DIMENSION PAR(13,161)NNLL3}

FORMAT (5H PC/Py10X)

FORMAT (B4 P, ATM »7X)

FORMAT (9H Ts DEG K)b6Xs1319}

FORMAT (9H Hy» CAL/Grb6X913F941)

FORMAT (1SH Sy CAL/ZIGIIK) 13F9¢4)

FORMAT (10HOMy MOL WT15Xs13F9e3)

FORMAT {114 {DLM/DLPITs4Xs13F9,5)

FORMAT (11H (DLM/DLTIPy&Xs13F9,41)

3393
3354
3395
31396
1197
3398
3399
3400
3401

3402
3403
3404
3405
3606
3407
3408
3409
3419
361l
3412
3413
614
2415
3416
3617
3418
1419
3420
3421
2422
3621
3424
3425
3426
34627
3428
3429
3430
3431
3632
3633
3434
3435
3436
3437
3438
3439
3440
3451
3442
2643
3444
3445
34466
1407
3448
3469
1450
3451
3452

3453
3464
3455
3456
3457
3458
3459
3460
3461
3467
3463
34bh
3465
14686
3467
3468
3469
1470
3471
3472
3472
3474
3675
3476
3477
3478
3679
34880
3481
3482
3483
3484
3485
3486
3487
3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501
3502
3503
1504
3505
3506
35Q7
3508
3509
351¢
3511
3512
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FORMAT [15H CPy CAL/Z{G)(€}1AFGe41}
FORMAT [6H GAMMA,3Xy13FGe4}

FORMAT {12H MACH NUMBEX4+3Xs13F943)
FORMAT {15HDCSTAR, FT/S5EC 1319}
FORMAT 13H CFal12X913F%e3)

FORMAT 16H AE/AT+3Xy13F9.3}

FORMAT {15H IVAC,LB-SEC/LB13FS.1)
FORMAT (15H s LB=SEC/LE 13F9.1)
IF{KCDE=1)129142

WRITE OLTPUT TAPE 64111

FORMAT (8HOPy ATM 47X}

GD TO 3

WRITE OUTPUT TAPE 6#10

CALL VAR(1)

WRITE QUTPUT TAPE 6411

CALL VARIZ2)

DO 60 I=1sIN

NNTT)=PAR{T+2)+:5

WRITE OQUTPUT TAPE 6912+ (NNUTIsl=10IN}
WRITE OUTPUT TAPE 6413+ (PAR(Isbs}slxly
WRITE OUTPUT TAPL 64144 (PARITHSYal=1y
WRITE DQUTPUT TAPC 69154 (PARIT461 4 =1y
TF(KODF 15548

WRITE QUTPUT “APT 64165 {PAR(14B1sl=1,
WRITE CUTPUT TAPE 65417+(PAR(I45)9I=1s
WEITL CUTPUT TAPE 6418, (PAR{IsTIsl=1,
WRITL OUTPUT TAPEZ 6419+ (PARTI+10}e1=1
IFICGDE -1l saaal

RETURN

WRITE QUTPUT TAPE 6+204(PARII»12)s1=1
DG 61 [=l4IN

MNTE)=PART[s1501+a5

IF (MAY=1) 51250451

WRITE QUTPUT TAPE 6331 INNIT)sI=24IN)
WHITE QUTPUT TAPE 623241RPAR{Ts16)s1=2
WHITE OUTPUT TAPE 633

CALL vaR(li)

WRITE QUTPUT TAPE 6236y IPARI[s1t)sl
WRITE OUTPUT TFAPE 61393 (PAR{I+13)41=
FORMAT (15HDCSTARY FE/SEC +9Xs1289)

* FORMAT (3H CFp21X912F9e¢3)

FORMAT (6H AEZAT»18X212F%.3)

FORMAT {19H IVAC)LB-SEC/LBI9X212F941)
FORMAT [15M 1» LB-SFEC/L8 +3%»12F9%.11]
RETURN

WRITE OUTPUT TAPE 21 e (NNCIHaT=14INY
WRITE OQUYPUT TAPE 6522+(2AR(1416001=1]
WRYTE QUTPUT THAPE 6423

CALL vaR{ll)

WRITE DUTPUT TAPE 64245 (PAR(T914)s1a]
WRITE CZUTPUT TAPE 64259 (PAR(1513}s13)
RETURN

FND

SUBROUTINE VAR INDEX)

SPECIAL FORMAT FOR PU/PsPy AND AE/AT

COMMON €

INY
INY
INY

INY
1IN}
INY
»INI

s 1IN}

W INY

W INT

sIND
o INY

EQUIVALENCE {INy C{8046))s [MAYs C(1T6T)}
EQUIVALENCE [PARIL), CI8370))s {PARI2DB),

DIMENSICN FMTI3)4sPARIIT#16D s TEMIANGAMIG) s TEMMIES)

ZERO=11330C346060
ONE=113301346060
TWl=11330.346060
THR=1123303346060
FRa113204346060
TEMM(1)=60010467732¢&
TEMM(21=60020357722¢6
TEMM(3)2600302677326
TEMM(4)=600401677326

TEMM[8)=6007076773206
TEMM[9] 6031006677326
TEMMI10)1=601105677326
TEMM(1112010004677326
#E121=010103677326
TEMM{1212010202677326
FMT(1}1=740130207360
IF(INDFX=21 142¢%
TEM{1)=1.0F04
TEM(2)a1.0E05
TEM{3)=140E06

AMI1)=THR
AM{2}=TWO
AM {3} =0ONE
AM{4)=ZFRO
GO TO 4
TEMI1)=1a0

TEMI2)=10.0
TEME3)=10G0

AM[ 1) =FR
AMI2)=THR
AMU3)=TWO
AM4]=ONE
GO TO 4
TEM(1}1=10.0

TEMI21=100e0
TEM(3)=1000.0

AM{1}=THR
AMI2)=TWD
AM{ 1) =ONE

AM{4)=ZERO

DO 5 l=1s1N

IF (1-1} 5345053

IF {MAY=1} 53452,52
IF{INDEX=111 5315457

CONTINUF

FMT{2)=TEMMIT)

0o 6 S=143

[FIPAR (T4 INDEXD=TEMIJ) 104645
FMT(3)=AM(J)

WRITE GUTPUT TAPE 6,FMT4PARI T4 INDEX)
GO TG 5

CONTINUE

FMY(3)=AML4)

WRITE OUTPUT TAPE 6+FMIWPAR| L4 INDEX)
CONTINUE
RETURN

3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
1524
3525
1526
3527
3528
3529
3530
3531
3532
3533
1534
3535
3536
3537
3538
3539
3540
3541
3542
3542
3544
3545
1546
31567
1548
1549
31550
3551
3552
3553
31554
3555
3556
3557
3558
3559
3560
3561
3562
3563
3564
3565
3566
3567
1568
356%
3570
1571
3572

3573
3574
1575
1576
3577
3578
3579
3580
3581
3582
3583
3584
3585
3586
3587
3568
3589
3590
3591
31592
3593
1594
3595
3596
3597
3598
3599
3600
3601
3602
3607
3606
3605
3606
3607
2608
3609
3610
3611
3612
3613
3614
3615
3616
3617
3618
3619
3620
3621
3622
3623
3624
3625
1626
3627
3626
3629
3630
3631
3632

3633
3634
3635
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TABLE V. - NEWTON-RAPHSON ITERATION EQUATIONS FOR

CALCULATING CHAPMAN-JOUGUET DETONATIONS
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TAFLE X.
CASE N0 51 500.0
FUEL N 1.
FUEL H o 1.
FUEL AL L.
FutL o 1.
FUEL H 2.
PARAMETERS
CHAMHER
vC/P 1.000
Pe ATM 34.02
T, DEG K 2137
Hy CAL/G -485.0
Sy CAL/ZLG)IK) 2.5264
My MOL WT 23.126
(OLM/DLPIT 0.00294
toLM/DLTIP ~0.0588
Py CALZIGHIK) 0.5783
LAMMA 1.195%6
MALH NUMHER Q.
CSTAR, FT/SEL
iF
AE/AT
Ival,.1B-SEC/LB
Ly LB-SEC/LY
DERIVATIVES
[DLIZDLPCIPCIP
[OLT/OLPLIPL/P  0.0087L
IDLAR/DLPCIPL/P
(OLCS/DLPCIPLIP
IOL1/OMCIPC/Pe
(ULF/DHCIPC/Pe  0.63188
IOLAR/DHC)PC/ P
(CLLS/DHC)IEL/Pe
s{HL IN KCAL/G)
(GLL/ZDLPCPYS
(DLT/DOLPCPIS -0.15730
{DLAR/DLPLPIS,
MULE FRACTIONS
ALLCLLIGY 0.00018
ALLCLI(G) 0.00007
ALLOLCLLIL(G) 0.00064
C2nalG) a.
Liunted 0.26432
Clu2iG) 0.01780
C101S1LG) 0.00005
LLts) 0.00176
Hits) 0.00619
H2{G} 0.32142
HICLLIG) 0.13179
HIZ13LLG) 2.00007
H201106) J.14b46
H1S1LG) 03.00045
H251(6) 0.00153
MuL{G} 0.0Q007
MullLL(G) 0.0G001L
uG1CL2{G) 0.00101
MGIHL(G) 0.00001
N24G) 0.06830
NLILEG) 0.00003
JLis) 0.00001
UiHL(G) 0.00076
SLiG) 0.c0010
SLULLG) 0.00017
slLazte) 0.0GD07
ML10L (S} 0.
MGLLLZ2(S) a.
AL203(S) .
AL2U34LS 0.03671

0.

CHEMICAL FORMULA

00000 H  4.00000
86995 0 0.03126
00000
00000 MG 1.00000
00000 0 1l.00000
O/F= 0.
THROAT EXET
1.7717 2.500
13.15 13.61
2492 23v1
~6l3.9 -684.7
2.9264 2.9205
23.1%92 23,217
0.00147 0.00092
-3.0310 -0.0202
0.5265 0.5237
L.2071 1.213%
1.000 1.273
5015 9315
0.679 J.846
1.000 1.0065
193.6 198.2
105.9 131.8
0.00237 0.00198
0.00459 0.0U273
~0. -0.0G100
0.00089 0.0028%
0.34617 0.35249
0.69410 0.72544
0. 0.017499
0.356947 0.36%417
0.82848 0.50346
-0. 16781 -0.17332
Q. 0.322271
0.00004 0.00302
0.00004 0.000DU2
0.00021 0.00009
Ue [
0.26358 0.26278
U.01926 0.0203%6
0.00005 0.200u6
0.00090 0.0005%6
0.00309 0.00190
0432439 0.32599
0.13354 0.13415
0.00003 0.00002
0.1455% 0.14¢72
0.00033 0.00025
0.00179 0.0017%3
0.00003 (.00001
Ca Q.
C.00103  0.00109
' 0.
Ge06B47 0.06H54
0.00001 0.
0. 0.
0.00029 0.00319
0.00005 0.00003
©v-00011 0.00D07
0.00005 0.20304%
0. 0.
0. 0.
Q. Q.
0.03710 0.03722

WT FRACT
CL 1.00000 0  %.00000 0.72060
¢ 1.00000 $ 0.00841 0.18580
0.09000
0.00200
0.00160
o+ PERCENT FUEL=100.0000, EWUIVALENCE RATID= |.948
EXIT EXIT EXIT EXIT EXIT E
2.750 3.000 3.250 3.500 4.000 10.
12.37 1l.34 10.47 9.721 8.506 3.
2317 2317 2317 2302 2248 L
-703.7 =-721.0 ~136.8 -751.5 ~177.5 -93
2.526% 2.5265 2.5265 2.5265 2.5264 2.5
23.221 23.220 23.218 23.220 23.227 23.
0. 0. C. 0.00085% 0.0006% 0.00
0. G. 0. -0.0190 -0.0i%6 -0.0
J.45606 0.4582 J.4560 0.4359 0.48481 0ot
1.2282 L.2297 1.2310 t.2L7l 1.2197 1.2
1.340 1.391 l.436 1.491 1.579 2.
5015 5015 5015 5015 5015 9
0.83% 0.919 0.950 0.977 1.02¢4 1.
i.103 1,159 1.215 L.264 1.346 2.
200.5 203.5 206.3 208.6 212.0 23
138.9 143.3 148.0 152.3 159.5 19
0.00187 0.00170 0.001%7 0.00149 0.00143 0.00
-0.00077 -0.00076 -0.00075 0.00258 0.00197 -0.00
-0.00352 -0,00335 -0.00320 -0.00061l -0.00101 -0.00
0.00089 0.00089 0.00089 0.00089 0.00089 0.00
0.35042 0.32680 0.30433 0.29812 0.30520 0.33
0.79342 0.79750 0.80130 0.73687 0.74862 0.80
0.07353 0.10323 0.12750 0.08327 0.08%62 0.09
0.36947 0.36947 0.36947 0.36947 0.369647 0.36
0.45325 0.42015 0.39370 0.36953 0.32873 0.17
-0.18581 -0.18678 -0.14768 -0.17586 -D.17801 -0.18
0.36093 0.39307 U.41B62 0.45213 0.49118 0.63
0.00001 0.00001 0.00001 C©.00001 0.0000L O.
0.00002 0.00002 0.00002 0.00002 0.00001 O.
0.00008 0.00008 0.00U08 0.00008 0.00G05 O.
O 0. 0. 0. 0. 0.
0.26253 0.26252 0.26250 0.26239 0.26196 0.25
0.02063 0.02063 0.02063 0.02076 0.02127 0.02
0.00006 0.00006 0.00006 0.00006 0.00006 0.00
0.00050 0.00052 U.00054 0.000%2 0.00042 0.00
0.00168 0.00175 0.00182 0.00175 0©.00L4L 0.00
0.32638 0.32636 0.32633 0.32651 0.32715 0.33
0.13427 0.13424 0.13421 0.13425 0.13442 0.13
0.0000¢ 0.00002 ©.00002 0.00002 0.00001 0.
O.l646l 0.14%45 014443 0.14430 0.14387 0.13
0.00023 0.00024 0.00025 0.00025 0.00022 0.00
0.00196 0.00194 0.00193 0.00193 0.00l99 0.00
0.00001 0.00001 0.00001 0.00001 0.0000%L 0.
0. 0. U. 0. Ca 0.
0.00:10 0.00109 2.00109 0.00109 0.00110 0.00
0. 0. 0. 0. 0. 0.
0.06855 0.06855 0.06855 0.06855 0.06857 0.06
0. Q. C. 0. G. 0.
0. 0. Q. 0. 0. 0.
0.00013 0.00013 0©.000i4% 0.000L3 0©.00009 0.00
©0.00003 0.00003 0.00003 0.00003 0.00003 O.
2.00006 0.00007 0.00007 0.00007 0.00006 0.00
0.00004 0.0000% 0.00004 0.00004 0.00004 0.00
0. 0. Q. 0. 0. 0.
0. 0. G- 0. 0. 0.
0.00191 0.01702 0©0.03093 0.03723 0.03726 0.03
0.03532 0.02021 0.00630 0. 0. 0.
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~ THEURETICAL RUCKET PERFORMANCE ASSUMING EQUILIBRTUM COMPOSITIUN DURING EXPANSION

ADDITIONAL PRIDUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACIIONS WERE LESS THAN 0.00000% FOR ALL ASSIGNED CONDITIONS

ALLLG) ALL1O11G) C1H3IG) C2H2tL) L2N21G) cL216) cLi0LiG)
N1D21i61 02663 S10316) SLiS) MGlCL2(L) MGLIS) MGLIL)
PRODUCTS WHICH WERE INVENTIONALLY OMITTED FROM CALCULATIONS
ALZ2(G) ALIHI{G) ALzaLiu) AL202(G) CLG) c24(G) C3tG)
CLH2{G6) ClHa(G) CINMIGE CLOLCL21G) C1S1(G) CL524G} CLICINLIG)
MGLSLLG) NL{G) N1H3I1G} N201ta) N1S1LG) $2{6) S1CLLIGH
S101CL2(6)
INPUTy G-ATOMS/G
.

N H cL 1] c s
FuUtL 0.6132922E-02 0.4839509E-01 0.61329226-02 0.2506609E~01 D.1264924E-01 0.106
OX1DANT 0. 0. 0. 0. 0. 0.
PROPELLANT  0.6132922€-02 0.4839509E~0L 0.56132922€-02 0.2506609E-01 0.1266324E-01 0.106
CASE NO. S1 500.0 O.

1ON  ENTHALPY STATE TEMP DENSITY

CAL/MOL DEG K G/CC
-70730.000 5 298.15 -0.
-2999.082 L 298.15 -0,

Q. s 298.15 -0.
-143700.000 s 298419 ~-0.
-68317.399 L 298.15 -0.
0y DENSITY= O.
xir EXIT EXLT EXIT EXIT
000 34.023 100.000 1000.000 10000.00
402 1.000 0.3402 0.0340 0.0034
00 1503 1219 190 529
9a7 =1117.0 -12%1.9 -1436.0 -1563.1
264 2.526% 2.526% 2.5264 2.5264%
251 23.256 23.256 23.256 23.422
0l3 D0.00001 0.00000 -0.00000 0.01402
032 -0.0002 -0,0000 0.0000 -0.30B0
551 0.4441 0.4402 0.4699 0.9971L
329 1.2384 1.2409 1.2223 1.1515
132 2.819 3.422 4.803 6458
oLS 5015 5015 501% 5015
276 1.504 1.646 L.846 1.965
218 5.200 11.33 65.47 409.2
4.4 258.3 274.3 2971.9 312.7
8.2 234.9 256.6 287.7 306.3
096 0.00057 0.00039 0.00020 0.00027
041 -0.00104 -0.00109 -0.00102 0.02512
239 -0.00251 -0.00237 -0.002t1 0.01767
089 0.00089 0.00089 0.00089 0.0008%
631 0.35673 0.36623 0.37404% 0.37407
297 0.82289 0.B3008 0.77767 0.36649
97T 0.096BS 0.09439 0.034l6 -0.26%17
94T 0.36967 0.36947 0.3694T 0.36947
850 0.10158 0.06882 0.03547 0,.02083
B42 -0.19247 -0.19411 -0.18185% -0.11130
260 0.70592 0.173707 O0.7826T 0.BaT61

0. Q. 0. 0.

Q9. 0. 0. 0.

G. a. 0. 0.

0. 0. 0. 0.00192
170 0.24751 0.23231 0.17527 0.11892
561 0.03596 0.05100 0.10802 0.16249
006 0.00005 0.00004 0.00003 0.00002
00T 0. 0. 0. D.
024 0.00001 Q. 0. J.

209 0.34217 0.35702 D0.61399 D.46288
%97 0.13581 0.13695 0.13715 0.13586
a. 0. 0. 0.

964 0.12910 0.11335 0.05620 0.00782

007 0©.00001 O. 0. J.

224 0.00233 0.0023% 0.00236 0.00238
Q. 0. 0. 0.
0. 0. 0. 0.

141 0.00072 0.00011 O. 8
0. 0. 0. '

466 0.06862 0.06858 0.06857 0.06905
[ 0. 0. 0.
0. 0. 0. D.

001 0. Q. 0. 0.
0. 0. 0. 0.

001 0. 0. 0. J.

oot 0. 0. 0. .
0.00039 0.00100 0.0011!1 0.

Q. C. 0. 0.00112
733 0.03733 0.03730 D.D3730 0.03756
0. 0. 0. O«

MGID1LG} MGLD1KLIG} N1H1(G)
c1ist ALLIS) ALLCL)
CICLL(G) CLCLSIGH CLHL(G)
CL102¢G) CLzZo16) HICINLIG)
SICL2(G) s2cL216) S101CLLIG)
AL MG
6117E-03 0.3335804E-02 D.4960317E~-04
0. 0.
6117E-03 0.3335804E-02 0.4760317E-0D4
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LASE NO. 51 500.0 0.

CHEMICAL FORMULA

FUEL N 1.00000 H  &.00000 CL l.00000
FUEL A 1.86955 0 0.03126 C 1.00000
FUEL AL 1.00000
FUEL 0 1.00000 MG 1.00000
FUEL 4 2.00000 0 1.00000
0/F= 0. ’
PARAMETERS
CHAMBER THROAT EXET €xtr
PL/P 1.000 1.788 2.500 2.750
Po ATM 34,02 19.02 3.6t 12.37
Ts DEG K 2137 2459 231t 2210
H, CAL/G -485.0 ~bl4.6 -683.1 -702.0
Se CALZUGHIK) 2.5264 2.5266 2.5264 2.52b64
M, MOL wT 23.126 23.126 23.1286 23.120
CPy CALZIGHIK) 0.4699 Ja4b4) D.4609 0.4594
SAMMA 1.2238 L.2272 1.229¢6 L.2301
MACH NUMBER 0. 1.000 L.215 1345
CHTAR, FT/SEC 4980 4380 4980
iF 0,686 0.843 0.888
AE/AT 1.000 L.0b62 1.0917
IVAC,LB-SEC/LE 192.8 L97.1 199.2
Ir LB-SEC/LB t06.2 13l.4 137.4
MULE FRACTIONS
ALIlLLtW) 0.00048 ALLCL MG) 0,00007
clo215) 0.0t 780 C1J1SLHIG) 0.00005
K216 0.32142 HICLLGG) 0.13179
H1S1LG) 0.00045 H251{L) 0.00153
Mel1CL20(6) 0.00101 MG1HLIG) ©.00001
01¢G) 0.00001 0iH1i6) 0.00076
$102¢G) G.00007 AL2031L) V.03671

AUGITIONAL PRODULTS WHICH WERE CONSIDEREU BUT WHISE MOLE FRACTIONS WERE LESS

ALLtL) ALLOL(G) CLHI(G) LeHZEG )
HIHLLG) N1D2(G) 021{6) S1U3iG)
Lits) AL203(S) ALLLS) ALLILY

PRUODUCTS WHILH WERE

AL2LG) ALLIHLIIG) AL20L L) AL2021G) CltG)
LIHZ LGS CLH4LG) CINLIGY CiutkCL2LG) C1S1(G}
4ulS51{6) NLIG) N1H3I(G) N2dL{G) NIS1(G}
S101CLZLGY
INPUT, G-ATIMS/G

N H L
Fule 3.6132922E-02 0.4839509E-01L 0.56132922e-02
UXILUANT J. 0.

Oa
PROPFLLANT  0.6132922¢-02 0.4839509E-01

CASE NO. 51 500.0 0.

C2H4(G)

9
s

PERCENT FUEL=100.0000,

SLS)

[+
0.5132922E-02

INTENTIUNALLY OMITILD FROM CALCULATIONS

J
0.2506609£-01

0.25U6609E-01

4.00000
0.00841

ALLOLICLLIG)
CLL(G)
HICIDUIG)
MGL{G)
NZ2IG)

S.16)

C2NZIG)
MG1OL(S)

C21o}
C15216)
5246)

EWUIVALENCE RATI[D=

c
0.12667%24E-01

Q.
0.1266924E-01

- THEURETICAL RUIKET PERFUAMANLE ASSUMING FRIZEN COMPOSITION UURING EXPANSION

WT FRACTION ENTHALPY STATE TEMP DENSITY
CAL/MOL DEG K G/LC
0.72060 -10730.000 s 298.15 -0.
0.18580 ~2999.082 L 298.15 -0.
0.09000 0. S 298.15 -O.
0.00200 -143700.000 s 29B.15 -O.
0.00160 -68317.399 L 298.15 -0,
1.9480, DENSITY= O,
0.00064 C10uiG) 0.26432
0.o0i76 HL1{G} 0.00619
0.00007 H201(6) [P R T-173
0.00007 NGLCLLIG) 0.0000L
0.06830 NIDL{G) 0.00003
0.00010 SL0LIGY 0.000LT

THAN D.000005 FOR ALL ASSIGNED CONDITIONS

CL2iG)
MGLICL2(S)

C31G)
CLICLNLIG)
SICLLIGY

cL1o1lG)

NGICL2(L}

CicLilG)
CL1D216)
S1CL21GH

S
0.1l066L17€-03

0.
0.1066L1TE-03

MG1OLLGH
MGLES)

CICL4LG)
CL20L1G)
$2CL2¢6)

AL
0.3335804E-02

0.
0.3335804£-02

MGIOIHIIGY
RGLIL)

CIHLIG)
HLCINLLG)
sLaLcLGh

MG
0.4760317€-06

0.
0.4960317£-04
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TAQLE XII. - TREGRETICAL THLKMOCYNAMIL PADPEATIES AT ASSIGNED PRESSURE AND FEMPERATURES
CASE NO. 50 0.1 34.293
Wl FRACIICN ENTHALPY STATE TEMP OENSITY
CHEMICAL FORMULA CAL/NCL CEG K G/CC -
FLEL H 2.00000 1.0000C 0. G 298.15 -0Q.
OXIDANT N 0.78088 0 0.20979 AR 0.U0466 ¢ 0.000L5 L.00000 -1.202 G 298.15 -0.
0/F=34.292881, PERCENT FUEL® 2.8334, EGUIVALENCE RATIU= 1.0000, DENSITY= O.
EGUIL [BRIUM THERMUODYNAMIC PROPERTIES
Be ATH G.0100 0.0100 0.0100 0.010C 0.0100 0.0100 Q.Cc1C0 ¢.0100 0.cla0 0.0L00 €.G100 0.0100 0.0100
Ty DEG K 6000 5500 5000 %500 4000 3500 3000 2500 2000 1500 1000 500 300
Hy CAL/G 10068.8 BO%8.6 5829.> 4566.9 3967.9 3595.5 2656,3 570.8 -165.4 ~407.4 -590.0 ~752.2 -8l2.3
Sy CAL/ZLGIHIK) 5.5853 5.2324 4.8097 4.5420 4.4066 4.3071 4.0119 3.2550 2.9351 2.7976 2.6502 2.4269 2.2131
M, MOL WT 10.999 11.982 13.337 16192 L4.519 14,735 16.261 22.053 24.4106 24.64) 24,648 26.648 24.648
{OLM/DLP)T 0.03312 0.05700 0.04807 0.01340 0.00470 0.01138 0.07459 0.04710 0.00354 0.00009 0. 0.
LOLM/DLT )P ~0.6567 -l.2242 -0.8918 =0.339L =-0.1041 -0.1334 -1.4100 =-1.1183 =-0.1098 -0.0036 ~-0. -0. -0.
CPy CALZLG)HIK) 2.8811 4.8553 3.5898 1.6743 G.8065 0.8612 3.7142 2.8329 G.6812 ¢.3899 0.3449 0.3052 C.2968
GAMMA 1.1615 l.1261 Lal24% 1.1582 1.2535 1.2625 1.1319 1.1057 1.1677 1.2630 1.3050 1.3591 t.3730
MULE FRACTIONS
ARLIG) 0.00346 0.00375 0.00417 0.0044% 0.00454 0.00461 0.005C9 0.G069C 0.00764 0.007T7TL 0.0077L 0.00771 0.00771
CLG) 0.00009 0.00005 0.00001 0. 0. 0. 0a 0. Q. 0. Q. 0. 0.
C1011(G} 0.00002 0.00007 0.00013 0.000l4 0.00015 ¢€.C0C15 0.00016 0.00015 0©.C0C0% O« Ca 0. 0.
[SVIFI4] Q. 0. C. 0. 0. C. 0.00001 0.00007 0.00021 0.00025 0.00025 0.0002> 0.00025%
H1iG) 0.30905 ©0.33678 0.37477 0.39852 0.60622 0©.4008C 0.320C1 0.06585 0.00186 0. [N 0. 0.
ReLGH 0. 0.00001 0.00003 0.00013 0.00065 0.C0463 0.04138 0.06921 0.01318 0.00047 Q. 0. 0.
HeO1lG6) [ 0. [« Q. 0. 0.00010 0.01174 0.18B7T 0.32669 0.34582 0.3568642 0.36642 0.340642
N1LG) 0.48942 0.35411 0.16863 0.05223 0.01071 0.00135 0.00009 0. Q. Q. 0. 0. 0.
N2(GY 0.04323 0.13665 0.26667 0.3449> 0.37371 0.38279 0.42085 0.57403 0.63898 0.64544 0.64563 0.64562 0.64562
NIHLLG) 0.00001 0.00001L 0.00001 0.00001 0.C0G0L 05.00001 . 0. 0. 0. 0. 0. 0.
NIGL{G) 0.00012 ¢.00031 ©0.00U70 0.00i34 0.00248 0.00502 0.01008 0.00726 0.0CL13 0.00004 O. 0. 0.
aiee) 0.15462 0.16825 0.1Bo8& 0.19808 0.20077 0.19503 0.14349 0.02335 0.00047 0. 0. 0. 0.
uz¢6) 0. 0. 0.00001 0.00003 0.00018 ©.00159 0.0L627 0.02631 0.00509 0.00020 O. 0. C.
oinlte) Q. 0.00001 0.00003 0.00012 0.00058 0.00393 0.0308% 0.03810 0.00472 0.00008 O- 0. '
AGUITIDNAL PRODUCTS WHICH WEHE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNEC CONDIT JONS
2461 C36) CLK1IG? C1H2(G) C1lH3(G) ClH41G) C2H2{G) C2H4(GY CINLIGI C2N211G)
HICINLIG) HICLOLLG) NIH3(G) NLD21G} KR201(G) sy
INPUT, G-ATOMS/G
H N ] AR <

FukL 0.9920635€ 0C 0. 0. 0. 0.
OX10ANT . 0.5391588E-01 O0.l44B52BE-01 0.321B875E~03 0.1C35674E-04
PRUPELLANT 0.281094SE-0L 0.5238821E-01 0.1407485e-01 0.31276T0E-03 0.1006329E-04

CASE NO. 50 0.1 34.293



CASL NO. 92 14.7) 29d.15
CHEMILAL FUKMULA
FUEL H 2
OXIDANT O 2

D= Te93ualh,

FHLAMODYNAMED PRUPLRITES
UNBURNLD GAS

- UL TUNAT[ON PROPERTILS

BURNED GAS

U.16326
U.l3685

Pr ATM l.ugooy 18.821715
1y, OtL K 298,14 Jeu2.1
Hy CAL/G [V 6ld.9
Se CAL/G-DEG & 4. 1602
My MBL. WT, 14.011 L6.485
CPy CAL/G-DEG K 5774 daner
{ULNMADLNRT Yo 0.0D8280
{ULNM/DLNT P o -1.3715
FYSLLY L.4Cle L1232
Udy M/S5EC 537.9 L544.9
BURNED GAS CUMPUSITION IN MULE FRACTIUNS

HLIG) V.08LZ4 Helu)

u2i6) U«d4849 dJitts
Ve lONATION PARAMETERS (WU IN M/SEC, HL [ KIaL/G)

= 95. 10

PIVL = 1B.8Z24 (OLEPZP LY /DLPL)FLyhl= ULU3T85
[FARY 124350 {SLET/TH)/0LPLITE HE= 0.05178
up = 2840.4% U UL/DLPLIT Lt

MMl 2 1.2060

KiI/RHOL= L.B3do
MALH NJ.x 5.2809

INPUT, G~aTUMS /o

t 3
Furl 0.992U535L 00 0.
JXLDANT [+
PRUPELLANT  D.lllulleL-00
LASE NO. 52

14,70 29H.15

Je 6250600 -01
Ue 95406228 31

OF AN IDeal REACTING GAS

PERZENT FUEL= EUUIVALENCE RATID=

{oL(P/PLI/OLTLIP
DLLTZfL)/0LT LIPS

(DLEP/PLI/DALIPL TL= 0.19925
(OLAT/TL}/DHLIPL, TS
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- MATN PROGRAM THREE (frozen composition expansion).

Figure 4.
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